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SAPHIRE — The “Big Picture”
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NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or
responsibility for any third party's use, or the results of such use, of any information, apparatus,
product or process disclosed in this report, or represents that its use by such third party would
not infringe privately owned rights. The views expressed in this report are not necessarily those
of the U.S. Nuclear Regulatory Commission.
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| 1| inTrRODUCTION

Section 1 contains an introduction to the SAPHIRE 8 Basics course material, an
overview of probabilistic risk assessment (PRA), and important definitions and
concepts.
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1.1. Overview of SAPHIRE Basics Course Material

The SAPHIRE Basics course material is intended to both (1) provide guidance for
learning SAPHIRE during the Basics class and (2) become a stand-alone reference
document after finishing the class. Thus, the format for the class material is a
combination of the traditional “overhead-type” of presentation information with a
structured, reference-type document.

SAPHIRE screen displays will be shown as they appear on your video display as shown
below (without the quick navigation welcome screen).

"o Basic Events
|

File View Bookmarks Publish  Project Tools

Help

Standard -

1o

Mew basic event ...
C-CKW-CC-A
C-CKM-CC-B
C-MOV-CC-1

CCS Train ADischarge Check Valve Fails to Open
CCS Train B Discharge Check Valve Fails to Open
CCS Suction Isolation Valve Fails to Open

“a Fault Trees

Mew faulttree ..
CCs
ECS

Containment Cooling System
Emergency Cooling System

“& Event Trees

o Mew eventtree
& LOSP

Loss of Offsite Power

2 End States

Mew end state
LARGE-RELEASE
SMALL-RELEASE

“C Change Sets
1 1

Mew change set ...

“4u Workspaces
a-General Analysis
L. New Analysis

‘O Open Windows

%SAPI—E]R,E [project: “DEMO-MDL-BASICS - New DEMO maodel for instructional use(SAPl—i]R,E Basies)“ folder "C:\Sapi\ile &\demo- n\o&e!\"]

(=5 = =

— = -~

Show Welcome |

SAPHIRE.INL.GOV

Model Version 0.0 Saphire 8.1.2

The left side of the screen displays a resizable, customizable series of lists containing
important PRA elements found in the current project. This series of lists is referred to
as the List Panel and can be added to or subtracted from by using View on the main

menu.

MAIN Menu — Submenu Option

When discussing a particular sequence of menu options, the nomenclature

will be used to indicate the main SAPHIRE menu option and any successive
submenu options.
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1.2. SAPHIRE - What Is It and What Can It Do?

. SAPHIRE is an integrated PRA software tool that gives a user the ability to
create and analyze fault trees and event trees using a personal computer.

. Integrated Reliability and Risk Analysis System (IRRAS) was originally released
in 1987 (version 1.0). Other versions of IRRAS include 2.0, 2.5, and 4.0.
Additions and improvements have been added to each version.

. Creation of 32-bit IRRAS, version 5.0, in 1992 resulted in an order of magnitude
decrease in analysis time. New features included: individual codes modules
combined into a single module; end state analysis; fire, flood, and seismic
modules; rule-based cut set processing; and rule-based fault tree to event tree
linking.

3 SAPHIRE for Windows, version 6.0, is released in 1997. Use of a Windows user
interface makes SAPHIRE easier to learn and use.

. SAPHIRE for Windows, version 7.0, is released in 1999. This is latest production
version of the SAPHIRE code.

. SAPHIRE for Windows, version 8.0, is released in 2010. The user interface has
been completely rewritten. This manual is written for version 8.x of the software.

3 SAPHIRE contains several features:

PC-based fault tree and event tree graphical editors
Cut set generation and quantification

Importance measures and uncertainty modules
Relational database with cross-referencing features
External events analysis (e.g., seismic)

Rule-based recovery and end-state analysis

Common Cause Failure (CCF) basic event capabilities

. SAPHIRE minimal hardware requirements:

Windows 2000 or greater
Pentium class IBM-PC compatible with 2-button mouse
50 MB free disk space (minimum for installation)
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1.3. The Class Workbook

. The workshop problems for the SAPHIRE class are contained in a separate
handout, referred to as the “workbook” or "workshop manual."

. The workbook allows the SAPHIRE Basics class to be tailored to specific
audiences. This “tailored-problem” format gives the freedom to present specific
topics or problems centered around the expected needs of the students.

. The workbook follows the same format as the course material, and together
provides an integrated reference package for the SAPHIRE code.

1.4. Overview of PRA

Probabilistic risk assessment (PRA) is a method to:
Identify, characterize, quantify probabilistically, and evaluate hazards

. The process of measuring risk (i.e., PRA) asks:

What can go wrong? (accident scenarios)
How likely is it? (probability)

What are the consequences? (adverse effects)

* Hazards could include

Hydrazine Leak (e.g., loss of space craft)
Electrical hazard (e.qg., electrical shock)
Thermal hazard (e.g., thermal blast effects from an explosion)

Chemical hazard (e.g., a release of toxic chemicals)



SAPHIRE 8 Basics Idaho National Laboratory

1.5. Definitions

Risk
The potential of loss or damage resulting from exposure to a hazard.

Safety
Represents an acceptable level of risk relative to the benefits derived from the
hazards-causing activity.

Probability
The two common interpretations of probability are:

Frequentist (the relative frequency or empirical approach)
The probability of event A is given by:

P(4) = lim (% )

n—

where X is the number of times event A occurred out of n number of repeated
trials. For a fixed n, the value of P(A) is the relative frequency of occurrence
of event A. Consequently, increasing n will improve the estimate of P(A).

Subjective (the “degree of belief” approach)
The probability P(A) is the measure of uncertainty or degree of belief one
has of event A. For example, the knowledge of symmetry for a particular
coin may lead an analyst to postulate that the probability of tossing a head
on atoss is 0.5. The subjective method requires that probability be assigned
in a consistent manner.

Reliability
The probability that a system will perform satisfactorily (i.e., does not fail) for a
designated period of time (or number of cycles) and under specified operating
conditions. The Unreliability is the complement of the reliability, that is, the
probability that the system does fail within a designated period of time and under
specified operating conditions.
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Availability
The instantaneous availability is the probability that a system will perform
satisfactorily at a designated point in time when used under specified operating
conditions. The evaluation of system availability includes operating time, time to
test, active repair time, administrative time, and logistics time. The
Unavailability is the complement of the availability.

Accident Sequence
The combination of an initiating event with system failures and successes
(defined by an event tree) which results in a definable outcome.

Dominant Contributors
Failures which are quantitatively the largest contributors (i.e., “dominant”) to the
likelihood of the defined event (e.g., accident sequence, system failure).

Minimal Cut Set
A minimum combination of failures needed to result in the occurrence of the
event of interest (e.g., accident sequence, system failure).

Consequence
A measure of the degree of damage or loss experienced given a particular
accident sequence.

Fault Tree Linking
A technique whereby the fault tree logic is combined with the event tree logic
(i.e., successes and failures) resulting in a logic expression for each sequence in
the event tree.
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1.6. Major Steps "NUREG-1150 Type" PRA Process

Level 1 Accident Frequencies

Plant Damage State

Accident Progression, Containment
Loadings, and Structure Response

Level 2

Accident Progression Bins

Transport of Radioactive Material

Source Term Groups

Offsite Consequences

Consequence Measures

Risk Integration

. The output of the Level 1 PRA is the core damage frequency and includes:
¢ ldentification of accident sequences and their frequencies.
¢ ldentification of dominant contributors to core damage.

¢ Classification of accident sequences into Plant Damage States.

. Event tree and fault tree analysis are most commonly used in Level 1 PRA.
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1.6.1. Event Trees

Idaho National Laboratory

Loss of Dffsite Power EmergencyCooling System Containment Cooling System End State
(Phase - PH1)
LOSP ECS CCS
Working O 0K
SHALL-RELEASE
=] Failed &
OE G LARGE-RELEASE
. Event trees are logical representations of significant responses to initiating
events.

¢ Each sequence results in either a safe condition or an accident condition.

¢ Event trees relate systems/functions to a sequence progression.

¢ Event trees provide an end-to-end traceability of accident sequences.

. Event trees provide a traceable way to perform the following functions:

¢ Identify accident sequences.

¢ Identify essential safety system functions.

¢ Quantify sequence frequencies.
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1.6.2. Fault Trees

Containment Cooling System

CCS

A

Both Pupm Traing Fail to Inject

CCS-TRAINS

Idaho National Laboratory

CCS Train A fails

CCE-TRAIN-A

A

CCS Train B fails

CCE-TRAIN-B

o)

CCS Pump A Fails Diesel Generator & Fails Diesel CCS Train A Discharge Check Diesel Generator B Fails CCS Pump B Fails CCE Train B Discharge Check
Generator A Fails Walve Fails to Open Yake Fails to Open
CCE-PLMP-A SUP-DGN-A 1.0000E-04 | [SUP-DGN-B CCE-PUMP-B C-CRkV-CC-B 1.0000E-04
— [ CCS Train A Discharge MOV — CCS Train B Dischargs MOV
ﬁ] [i] Fails to Open [i‘] Fails to Open
CCS Pump A Falls to Run Diesel Generator A Fails to Run [1 000DE-03 CCS Pump B Fails to Run C-mMOV-CC-B [1.0000E-03
C-PMP-FR-A 5.0340E-04 | |5-DGN-FR-A 21130E-02 C-PMP-FR-B 5.0340E-04
CCS Pump A Fails to Start Diesel Generator A Fails to Start CCS Pump B Fails to Start
C-PMP-F5-A ‘1 2000E-03 | |5-DGMN-F5-A |4 0000E-03 C-PMP-F5-B ‘1 2000E-03
. Fault trees are logical representations of the credible failures that can cause an

undesired event to occur.

¢ The undesired event is stated at the top of the fault tree.

¢ The fault tree gates specify the logical combinations of basic events that lead
to the top event.

¢ Fault trees can be used to identify system “weaknesses.”

¢ Fault trees can help to recognize interrelationships between fault events.

¢ SAPHIRE evaluates the fault tree to find system minimal cut sets and the

system failure probability.

. Fault trees consist of logic gates and basic events as inputs into the logic gates.
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Logic Gates

Represent the Boolean operation (e.g., union, intersection) of the input events.

Basic Events

Represent a fault such as a hardware failure, human error, or an adverse condition.

1.7. Accident Sequence Quantification Steps

Link fault models to the event tree sequences.

Evaluate each accident sequence for minimal cut sets.

Quantify the accident sequence minimal cut sets with event data.

Add operator recovery actions (if not already in the fault tree and event tree logic
models).

Determine the dominant accident sequences.

6. Partition the accident sequences into appropriate plant damage state bins.

7. Perform sensitivity, importance, and uncertainty analysis on the accident
sequences.

PwbdE

o

1.8. Installation of SAPHIRE

. Perform the following steps to install SAPHIRE:

0 Download the current version of Saphire8XXXX.exe from the SAPHIRE
website to your pc. (Alternatively, use an installation CD and place it into
the CD drive.)

0 Follow the installation program instructions.

. The installation program will make a subdirectory on your hard drive to store
SAPHIRE. (Must have read/write access on directory the software and projects
[databases] are located.)

Databases (such as the DEMO database) can be contained in any subdirectory that is
chosen (e.g., C:\DEMO or C:\Saphire8\DEMO).

The database subdirectory will contain the relational database files.

* IDX files contain data indices
*.BLK files contain variable length data (e.g., cut sets)
* .DAT files contain actual data and data pointers.

10



SAPHIRE 8 Basics Idaho National Laboratory

1.9. SAPHIRE User Settings

The SAPHIRE User Settings dialog is used to customize the SAPHIRE code. Individual
projects can be customized specific to the types of analysis to be performed.
. The user settings are available by selecting Project — User Settings.
. The following option settings are available:
“General Settings” default values
“Analysis options” default values
“External Solvers” default values
“Rules Editor” default values
“Graphical Editor” default display options
“Significance Determination Process (SDP)” default values

“RASP CCF” default settings

11



SAPHIRE 8 Basics Idaho National Laboratory

1.9.1. General Display User Settings

General Settings can be modified as follows:
. Use the mouse or TAB key to move to a particular field.

. Change the setting(s), select the next User Settings Category, and repeat.

Click OK to save all your choices for the project that is currently selected. Each project
starts with the defaults and may be modified with a different set of constants.

“General Settings” screen

&} User Settings EI@
General Settings

User Settings Category Form (eyons

Analysis Options Show Startup Selection Screen

External Solvers Initial Window Position |User Area Top Left Comer
Rules Editor

Graphical Editors Title Bar Buttons offset 0

SDP

RASP CCF Graphical Fonts

Mame Font Select Font
Description Font Select Font...

Printing Format
Top Margin 1 Left Margin 0.5
Bottom Margin 1 Right Margin 0.5

Printer / Page Layout Print Setup...
General Graphics

tem Color Select Color...

Background Color Select Color...

[ show Shadow

12
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1.9.2. Analysis Options Settings

The “Cut Set Truncation” options are used when generating cut sets for both fault trees
and event tree accident sequences. The options selected in each combo box will be
used when generating either fault tree or event tree cut sets.

The “Uncertainty Sampling Method” option sets the default uncertainty analysis type by
selecting either Latin Hypercube or Monte Carlo from the combo box. Also, the default
random seed and number of samples can be specified.

“Analysis Options” screen

¢ User Settings | = | = >
Analysis Options

Cut Set Truncation

User Settings Category

General Settings 1E-13
Analysis Options Glokal - | Fault Tree Value -
External Solvers 1E-13
Rules Editor Event Tree Value -
Graphical Editors i
RASP CCF
Analysis Settings
Threads to use on solve 1 = Processor Cnt. |4
Random Number Seed 0
Number of terations 5000
Uncertainty Sampling Method lr.'lnnte Carle v]
Intermediate Walues [ None - l
Path
Miz=ion Time 24
Cut Set Sohre Package ’SAF‘HIF‘.E Default vl
Quantification Method [ Min Cut -
Pass Count 5
Visual BDD Solve
Number Significant Digits 3 -
[]Show Phase [ ] Show MT [C] show
Undo Changes [ " OK ] ’ X cancel ]

The “Mission time” field specifies the default mission time. This default is used only for
those basic events that have a calculation type using the mission time and that event’s
mission time field is set to zero.

13
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The “Quantification Method” option specifies which analysis method to use when
guantifying the cut sets.

1.9.3. External Solvers Settings

The External Solver option allows the analyst to used different solving engines to
generate cut sets and then quantify those cut sets.

@ User Settings E=m(E=n =
External Solvers

User Settings Category New Solver Name

General Settings
Analysis Options
External Solvers Solver Path

Rules Editor

Graphical Editors
SDP

RASP CCF Input Logic Format Cut Set Output Format

[ | %

|:| Use Event Names (=lower but good for debugging)

[ “UK ][xtlﬂncel]

14



SAPHIRE 8 Basics Idaho National Laboratory

1.9.4. Rules Editor Constants Settings

The Rules Editor option sets the default font for the rules editor.

g% User Settings (=% E\-EI :
Rules Editor
User Settings Category
Use
General Settings General
Analyziz Options Setting
External Solvers r
Rules Editor Visual
Graphical Editors Editor Font Select Font...
SoP
RASP CCF

[ ¢DK ”xt‘.ancel]

15
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1.9.5. Graphical Editor Constants Settings

Idaho National Laboratory

The fault tree and event tree graphical constants set default node style, size, and some
control options. Node color and fill effects have meaning in the model and are not
customizable in this form.

16

* User Settings

User Settings Category

General Settings
Analysis Options
External Solvers
Rules Editor

SoP

RASP CCF

Graphical Editors

Use
General
Setting

Fault Tree | Event Tres

Node Style
Num Significant Digits 3

Desc. Justification
Name Justification

tems Color Select Color...

Controls

[T]EditonAdd  [¥] Smart Printing

Undo Changes

e
[ ¢DK th‘.ancel]
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1.9.6. SDP Settings

Idaho National Laboratory

The SDP options are to set up the cut set generation option and allow other

guantification processes. The first check box is to change the default cut set generation
and quantification from a “multi-pass” option to a “single-pass”. The second option

allows the analyst to change the truncation option from the default and the last option
will multiply in Large Early Release Frequency (LERF) factors after the SDP has been

evaluated.

t User Settings

User Settings Category

General Settings
Analysis Options
External Solvers
Rules Editor

Graphical Editers

RASP CCF

sDP
|:| Show "Single-pass” option

[T] Allows changes to truncation level

[7] Allows LERF Calculations

Unde Changes

L] o &)

[ o OK H xCﬂncel]

17
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1.9.7. RASP CCF Settings

The RASP CCF settings are to change the common cause failure (CCF) basic events
from using one calculation method to the new R-calculation type. Also, allow for
adjustment to the CCF basic event probability given a change in basic event’s
probability utilized by a flag set.

%% User Settings EI@
RASP CCF
User Settings Category
General Settings
Analysis Options
External Solvers
Rules Editor [] Adjust RASP CCF Events from Flag Sets?
Graphical Editors
SDP
RASP CCF
l RASP CCF Edit
Unde Changes [ o OK l [ X cancel ]

18
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| 2 | paTaBAsE concepTs

Section 2 presents an overview of the SAPHIRE database structure. Included in this
section are discussions of SAPHIRE projects, nominal case versus current case,
nominal case updates, and change sets.

Logic Models
and Graphics .
e »

L e

{Hnminal Base\ rr(:urn’:t‘lt case“”
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
\g J 3 J

Change Sets and
Flag Sets
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2.1. SAPHIRE Projects

In SAPHIRE, the term “project” represents a single, specific database.

Project (Definition) -
A group of fault tree logic and graphics; event trees and sequences; basic events and
related data; cut sets; analysis results; and descriptions.

= = SAPHIRE Project
11 )

|":__jj " =

2.1.1. Opening a Project
(When SAPHIRE is executed, it loads up the last project that was being utilized.)

To select an existing project:

If there is not a current project available or you are opening a second session of
SAPHIRE on your computer, it will start with an option screen to open an existing
project or create a new one.

)
Select an Option Below -
Current Project‘ -| Browse...
Open Euxisting Project Create New Project
-
o \
[ N ﬁ
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Existing projects can be found through the browsing function or by clicking the Open
Existing Project icon.

Clicking on Browse or Open Existing Project will open up a window to select the project.
The user can also use the File - Open existing project option on the main menu bar
at the top left of the screen.

F ™
¢ Open d - M
@Qv| . » Computer » OS5Disk (C:) » Saphire8 » demo-adv »

Organize = Mew folder A= ~ [ @

I ¥ Favorites Mame - Date modified Type Size

Bl Desktop  INIs 1/24/2012 10:56 AM  File folder

& Downloads ; Mard 1/24/2013 10:57 AM  File folder

=] Recent Places 2 . publish 1/30/2013 1:12 PM File folder

. Shared 1/24/2012 10:57 AM  File folder

-l Libraries . Termp 2/20/2013 1:29 PM File folder

3 Documents [ . Workspaces 1/24/2013 3:04 PM File folder
J‘. Music :3 demo-adv.zip 1/30/20131:12 PM WinZip File 313 KB
le=| Pictures || DEMO-MODEL.SRA 1/2/2008 12:01 PM SRA File 0 KB

| BE videos || FAM.DAT 2/20/2012 8:10 AM DAT File 1KB l

|-

s omputer
&L, 0SDisk (C:) — [ T | »
I File name: ~ |Project Files <*.5RA, fam.dat, *. - |
[ Open ] ’ Cancel ]
h E _—— Y

An “Open Project” window will appear. Use the various Window Explorer options to find
the folder containing the existing project.

To open the latest version of the project, select and open the *.SRA or FAM.DAT file; or,
to open an archived version of the project, select a *.zip file.

To create a new project:

. Use the main menu File - New — Project option or (select the New icon on the
startup screen).

. A “New Project” window will appear. Type the new project name and (optional)
description.
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Q Mew Project EI@
g Na_lrn:a
Description
Full Name
Storage Info | General Info | Additional | SPAR | Notes |
Parent
Diren:tnr'_-,f CASaphire 8\
Folder
MName
[ JDK ][ xt‘.ancel]
. Verify that the Parent Directory is acceptable. If a different parent directory is
desired, type in the new parent directory.
. Verify that the Folder Name is acceptable. By default, the Folder Name matches

the project Name. (If the Folder Name appears blank, move the cursor out of the
project Name field so that the Folder Name can update.)

. Click OK. The main SAPHIRE menu will be displayed and the project name and
the project location will be shown in the title bar above the menu.

- SAPHIRE [project: "DEMO - Demonstration Sample Family” folder: "C:\Saphire 8\Demo}”]

File Wiew Bookmarks Fublish- Projeck Tools Help

. Modifications to a database (e.g., a new fault tree is developed) are always made
to the currently selected project.

. For a given project, only one list is kept for all types of information. Thus, within

a project, only a single copy of a particular fault tree, event tree, or basic event is
ever stored in the database.

22



SAPHIRE 8 Basics Idaho National Laboratory

2.2. Nominal Case versus Current Case Data

. Nominal case and current case are two separate parts of a project database.

Logic Models
and Graphics .

4 e -

{Huminal Base\‘ Ffxt'.':urn!n’l case"‘
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
. S L S

Change Sets and

Flag Sets
0 Nominal case data is stored in the data base files as a “permanent”
record.
0 Current Case data is used to perform an analysis (e.g., cut set generation

and quantification).

The Current Case is:

O Created (via the Generate option [done automatically]) by applying
change sets to base case data and solving the fault trees, etc.

0 Used for sensitivity or event analysis
. All SAPHIRE calculations use the data stored in the current case.
. Current case can equal the nominal case in order to reproduce the original study

stored in the nominal case.
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2.3. Generating Event Data

The Generate process transfers nominal case data to the current case (after making
changes specified in any marked change sets). SAPHIRE always uses current case
data for analysis. This step is done automatically prior to solving for cut sets (fault tree,
accident sequences, etc.)

Logic Models
and Graphics
(’Nominal Case\ Current Case)
Storage Storage
Results Results
(cut sets) (cut sets)
Event Data Event Data
N SO/ - A J

Change Sets
and Flag Sets

"GENERATE Event Data"

Change Sets (Definition)

Change Sets are a user-defined set of changes (think data filter) that will be applied (on
the nominal case data) when data is transferred to the current case via the Generate
process. Multiple change sets can be defined and applied singly or in combination.
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/Nominal C:ase\1

Storage

Results
(cut sets)

Event Data

. N/

DG-A = 2E-2

Logic Models

and Graphics

1 o

Example Change Set

Idaho National Laboratory

’/Cu rrent Case\“

Storage

Results
(cut sets)

Event Data

Pl y

Change Sets
and Flag Sets

DG-A = TRUE

2.4. Rules for Creating and Using Change Sets

¢

No limit to the number of change sets that can be added to the data base.

Change set name is limited to 24 characters and the description is limited to 120

characters.

A change set can contain one class change and unlimited individual probability

changes.

Multiple change sets can be used in combination to create different sensitivity

studies.
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EXAMPLE: Two change sets are developed. The first is named “A” and sets all valves
to failed. The second is named “B” and sets all pumps to failed. The possible scenarios
are

Change set(s) that are marked Sensitivity case

None Original nominal case data

A Valves failed

B Pumps failed

Aand B Both valves and pumps failed

The order of “marking” a change set is important. (Change sets are marked by double-
clicking the line containing the change set.)

0 The first selected change set will be the first one that is applied.
O Later changes will overwrite earlier ones if there is any overlap.
0 A particular change set may include both a Class change and Single

changes. The Class change is applied first and then the Single changes
are applied second. Thus, the individual probability changes will overwrite
a class change if both types are in a particular change set.

Class Changes

Class changes use a basic event attribute to search for a class of basic events to which
the defined change applies

- The search criteria are defined first Singles | Class

- The change to be applied is then defined Singles
Ewvent Property

Single Changes

Single changes only modify individual, user-identified basic events

- The desired basic event is selected
- The changes to the basic event are then defined
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2.5. Nominal Case Update

*

Nominal case data and results are changed by updating the nominal case.
Updating the nominal case transfers the current case data or results into the
Nominal case.

0 Nominal Case results are stored in the data base files as a “permanent
record

- Nominal Case results are stored when the cut sets are generated via
checking the “Copy Cut Sets to Nominal Case” box.

Idaho National Laboratory

Logic Models
and Graphics -
—1 = =
4 : N . )
Nominal Case System, Event Tree, or Current Case
Storage End State Base Case Storage
Update (transfers
Results cut sets) Results
(cut sets) (cut sets)
Event Data Event Data
(N J (. J
Change Sets All Nominal Case
and Flag Sets Options are

located under the
cut set generation
options
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Notes
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| 3 | Main Menu Toolbar

File View Bookmarks Publish  Project Tools Help

Section 3 shows how to use the Main Menu Toolbar. The Main Menu Toolbar section

covers all of the main toolbar utilities which include the File, View, Bookmarks, Publish,
Project, Tools, and Help tabs.

3.1. File

The main toolbar File menu consists of file manipulation options, an option to create a

new project or a new event tree, fault tree, or basic event in the current project, and a
macro manager.

3.1.1. File = Open Existing Project

Open existing project will open a
. Filet‘u"iew Bookmarks Publish Project Tools Help
Windows browser where the operator

= Open exsting project...
Archive
Save As ..

can select an existing project.

Integrate Project
Load/Extract

Macros

Mew
fL Exit

C\Saphire 8Ydemo-model’

3.1.2. File = Archive, Integrate Project, and Load/Extract

Archive, Integrate Project, and Load/Extract functionalities are covered in the
Transferring PRA Model Data section.
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3.1.3. File > Save As

Idaho National Laboratory

Save As will save a copy of the current project under a different name.

3.1.4. File > Macros

Macros will open the macro manager. These are not the macros discussed in
the various rules sections of this manual. Macros created here can run SAPHIRE
8 routines in an automated fashion. Macros can be imported, exported, and run
from this macro manager. Periodic functions and reports can be automated using
a macro routine. The macros are written in a language very similar to the xml

language.

- Macro Manager

Macros Stored in Project.
Shared\Macros\ Subdirectory

Hame Description
Simple Evert Tres Test This test ass Gomparess the simpls faul tres resuls to thuss
lcon Hone Edltor Fort

<initial prompt>no</initial prompt >
<comment >

TEST CASE MNAME: Simple Event Tree Test
TEST SCRIPT FILE NAME: Simple-ET-test. mac
GENERAL DESCRIPTION OF WHAT IS WERIFIED:
This test case compares the simple Fault
via manual calculation or verification,

NAME OF APPLICATION UMDER TEST: SAPHIRE
TEST CASE PURPOSE:
REQUIREMEMNT(S) WERIFIED: TED

TEST-01 Solve Fault Trees
Fault Tree Probability Results

TEST CASE ABSTRACT OF TECHNWNIQUES USED TO
The automated tests described herein are

OTHER FILES REQUIRED TO RUN TEST CASE:
None.

</comment >

< >

-~

v

3.1.5. File > New

New includes an option for creating a new project and provides another way to
create a new event tree, fault tree, or basic event in the current project.

3.2. View

The main toolbar View menu controls the display of the list panel on the left side of
SAPHIRE 8. The list panel opens as a default showing the panes for Basic Events,
Fault Trees, Event Trees, Workspaces, and Open Windows.
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3.2.1.View - Open Windows view | Bookmarks Publish
Open Windows will open a submenu for the display of a Open Windows  » |
Hover Window in addition to the Side List. Any || v | Basic Events
combination of open or closed lists can be displayed. As || v | Fault Trees
with all of the View options, activate the selection by | v | EventTrees
clicking on the option and a check mark appears next to | EventTree Groups
the active options. | Model Types
End States
Change Sets

Workspaces

3.2.2. View - Basic Events, Fault Trees, Event Trees, End
States and Workspaces

Use of the lists for Basic Events, Fault Trees, Event Trees, End States, Change
Sets and Workspaces are covered in their respective topic sections throughout
the manual.

3.2.3. View - Event Tree Groups

Event Tree Groups are sub-groups of event trees for convenience of the user.
The groupings are mutually exclusive (one event tree cannot be in two groups).

To illustrate this, open the DEMO-EE project and select the Event Tree Groups
from the view menu. This project has already been set up to group the FIRE,
FLOOD, and SEISMIC event trees. The PROJECT event trees are event trees
that are not grouped. The purpose of grouping event trees is to allow for quick
analysis of sequences only pertaining to certain groups. This example is set up
for phenomenological delineation; however, groupings in other models could just
as easily be set up for any other analysis such as internal/external events.

To view an event tree grouping, click the = icon to expand the list of event trees
below the group name or alternately double click on the group name to open the

editor.
I *

MHewy Evant Tree...

v FIRE Fire Group
+ FLOGD Flood Group
+ - PROJECT Froject Event Tree ..
- SEISMIC Seismic group
+- SEISMICT Demo Seismic sc..

+- SEISMIC2 Diema Seismic sc...
+- BEISMIC3 Demo Seismic sc..
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To create a new group, in the Edit Event Tree Groups editor select , hame
the group and then move the desired event trees to the Grouped Event Trees
pane on the right side of the form using the arrow buttons to transfer event trees
from Non Grouped to Grouped and vice versa. Select to save the new

group.

<& Edit Event Tree Groups

E=REEE

Event Tree Group [New

v][ New | [ Delete |

Non Grouped
PROJECT
Description
New Event Tree

Name NEW

Name
NEW-ET

Desc

Grouped Event Trees

Name Description
Loss of Offsite Power

’ W 0K ] ’&&Dw] IXCancell

3.3. Bookmarks

The main toolbar Bookmarks menu is one way to create bookmarks. Bookmarks are
sub-lists of objects that are user definable. For example, create a bookmark of all basic
events starting with the text “C-" by highlighting the events in the Basic Events pane.
Then right click on the highlighted selection and choose “Set Bookmark”. This set of
highlighted events may then be named and given a description.

File View Bookmarks Publish Project Tools Help

v A —
Mew basic event . ) |
C-CKV-CC-A CCS Train ADischarge Check Valve Fails to 0| W8 AddaBookmark | & [ =11 [ o | &= |5
C-CEMV-CC-B CCS Train B Discharge Check Valve Fails to
C-MOV-CC-1 CCS Suction Isolation Valve Fails to Open Name CCS Events
C-MOV-CC-A CCS Train ADischarge MOV Fails to Open Description
C-MOV-CC-B CCS Train B Discharge MOV Fails to Open -
C-PMP-FR-A CCS Pump AFails to Run AllCCS Basic Events|
C-PMP-FR-B CCS Pump B Fails to Run l W OK l ’ X cancel l
A [Main Trees o e
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Main Menu -2 Bookmarks is the path to manage bookmarks. To select the newly
created CCS Events bookmark, just select the path in the Bookmarks sub-menu:

When the specific Bookmark is selected
(from the Bookmarks option) only those events in the bookmark will be highlighted in the

appropriate list pane.

"o’ Basic Events

8 SAPHIRE [project: "DEMO-MDL-BASICS - New DEMO model

Bookmarksi Publish Project Tools Help -

Boockmark Manager

Basic Event 3 | CCS Events )
Fault Tree CS Train B Discharg

CS Suction Isolation

Event Tree

End State 3 Train ADischarge
C3S Train B Discharge

Change Set = — g_

Work Space

Mew fault tree ...

Containment Cooling System
Emergency Cooling System

Mew basic event ...

C-MOV-CC
C-MOV-CC-A
C-MOM-CC-B

Train ADischarge Check Valve Fails to Open
Train B Discharge Check Valve Fails to Open
uction Isolation Valve Fails to Open
Train ADischarge MOV Fails to Open

harge MOV Fails to Open
Pump AFails to Run

Pump B Fails to Run

Pump AFails to Start

Pump B Fails to Start

From the Edit Bookmarks dialog, the Bookmarks may be renamed (via Edit), deleted
(via Delete) or a new bookmark may be created in the Edit Bookmarks by choosing New
and then by dragging and dropping items into the Bookmark Items pane.

Masked Bookmarks

There is also a Masked Bookmark function that makes it easy to choose similar items.
Use the bookmark editor to create the same bookmark as above. Create a new
bookmark and name it. Then click the Masked Bookmark checkbox. Wildcard searches

can be made by use of the “*” symbol, as shown. Click on to add the mask

selected items.
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4 Edit Bookmarks

Bookmark Group

| Basic Event -

Name

CCS Events

Description

All events in the project t... Case Sensitive

Mask (Standard Regular Expression Syntax)

=N

V| Masked Bookmark

Search Areas
| Names

C_R
Apphy Mask

MName
C-PMP-FS-4
C-PMP-FR-B
C-PMP-F5-B
C-CKW-CC-A
C-MOV-CC-A
C-MOW-CC-1
C-CKV-CC-B
C-MOV-CC-B
C-PMP-FR-4

| New | | Delete |

Descriptions

Bookmark ltems
Description
CCS Pump A Fails to Start
CCS Pump B Fails to Run
CCS Pump B Fails to Start
CCS Train A Discharge Check Valve Fails to O...
CCS Train A Discharge MOV Fails to Open
CCS Suction |zolation Valve Fails to Open
CCS Train B Discharge Check Valve Fails to O...
CCS Train B Discharge MOV Fails to Open

CCS Pump A Fails to Run

X cancel

Deleting a Bookmark DOES NOT delete the basic events (or other objects) in the
Bookmark list. The objects in the Bookmark list are left untouched outside of the

bookmark framework.

3.4. Publish

The main toolbar Publish menu includes reports for the entire project and each of major
components of the PRA: basic events, fault trees, event trees and end states. A detailed
review of their options can be found in a later section.

. The Project Report lists statistics of the
numbers of event trees, fault trees, basic
events, and gates.

. Basic Event Reports include listings; either
all selected or sorted by type such as RASP
CCF and HRA Events, uncertainty, and
categories. The custom report option
includes even more choices.

34
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Event Tree Repork

End State Report




SAPHIRE 8 Basics Idaho National Laboratory

. Fault Tree Reports, Event Tree Reports, and End State Reports all can display
lists, cut sets (broken down in several ways), linkage rules, post-processing
rules, importance measures (overall or by component or operator action) and
graphics. The custom report option includes even more choices.

The Publish menu option will be discussed in greater detail in later sections.

3.5. Project

The main toolbar Project menu provides a single location to make modifications to the
current project, e.g., Modify, Flag Sets, and User Settings.

File “View Bookmarks Publish | Project| Tools Help
D Muodify
Edit Rules 3

G Documentation
Categories
Phases

Model Types

Flag Sets
Change Sets

Histograms

User Settings

3.5.1. Modify (Project Settings)

The Modify option allows the analyst to add information about the project that will
be stored and can be produced through the different reports.

¢ Edit Project =7 — = | S

BT S 1 O_MDL_BASICS
Description Mewr DEMO model for instructional use (SAPHIRE Basics)

Full Name

Storage Info | GeneralInfo | Additional | SPAR | Notes |

Created By Release Date 01/02/2008
Wersion o L

Default IE Freguency Units lYeﬁr v]

Site Hazard Curve l v] Read Only? =1
User Defined Field User Defined Value
AE

Company
Design
Location
Type
“endor
Contain

Charactr

Mominal Update [ J QK ] l x Cancel ]
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36

The Edit Project option has five tabs that store information about the current
project.

Storage Info - identifies the location where cut set information and the
relational files will be stored (this will always be the default folder the
project is located and not editable in the Edit Project form).

General Info - allows the analyst to fill add information about the current
project, i.e., version, frequency units, site hazard curve (for seismic
analysis) and other important information. The “Read Only?” check box
will lock the files so others will only be able to review the logic and
generate cut sets and will not be allowed to make any logic changes.

Additional - provides an area to document information about the project,
i.e., general philosophy, restricted use, and plant specific usage
limitations. These fields allow for general information about the project.

SPAR - this tab will tell SAPHIRE if the current project is a Standardized
Plant Analysis Risk model. The check box will open up some of the report
options and other options that are related directly to the SPAR models.

Notes - this tab provides additional space to include any
notes/documentation about the project.

3.5.2. Edit Rules

The Edit Rules option allows the analyst to add project level rules to be applied to
all fault trees and all event trees.

Project| Tools Help

| Edit Rules * End State Partition

1% Documentation FT (Post-processing)
Categories ET (Post-processing)
Phaszes Linkage Rules

Model T Em_'-
ode! Types W Fails to ()

End State Partion - this rule is used to create partitioned cut sets based on
defined search criteria.
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- FT (Post-processing) - this rule is used to apply post-processing options to
the resultant cut sets generated from the fault tree logic. This rule will be
applied to all of the highlighted fault trees that are solved.

- ET (Post-processing) - this rule is used to apply post-processing options to
the resultant cut sets generated from the event tree logic (accident
sequences). This rule will be applied to all of the highlighted event trees
(accident sequences) that are solved.

3.5.3. Documentation

The Documentation option allows the analyst to add links to different documents
that contain information about the project. This will be stored in SAPHIRE.

= Documentation ? = | e | e
- - Basic Events
- | Event Trees Success Criteria HTML File
- -Fault Trees Browse

3.5.4. Categories

The Categories option (is for SPAR model development) allows the analyst to
create system, component, failure mode, and component specific information
that can be linked to the developed basic event.
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1

oM = L D

%9 Project Categories

Category -

Project Categories

Index Hame

Order Description

Category 1

Category 2
Cateqory 3
Category 4
Cateqory 5
Cateqgory &

Category ltems

Hame Des=scription
MHew ltem

[or i I T

Clear

= Ee

Mew [tem | | Delete Checked

m

Color Used

[ W DK ] |XCancel|

3.5.5. Phases

The Phases option allows the analyst to create multiple phases that the project
can transition between. For example, a thruster must operate for x hours during
the early part of a mission, shut down and then operate for y hours during a later
part of the mission. This option allows for the same component to contain
different probabilities based on where in the mission it is demanded.

%8 Project Phases

==

. - G_
Project Phases Add phase | | o |
Order Mame D Color Diuration Dezcriphion
1 PHASE_1 PH1 ] Phasze 1

@ &

[ W OK ]| annceI|
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3.5.6. Model Types

The Model Types option allows the analyst to create different model types that
the project (systems and/or components are susceptible to). For example, a
component can be susceptible to random type failures and also earthquakes. A
different probability can be assigned to the same component depending upon

which model type is being assessed.

%2 Project Model Types

Model Type -

Project Model Types

M armne
Rar DOk

Calar Diezcription
RarDOk FAILURE

3.5.7. Flag Sets

The Flag Sets option allows the analyst to create flag sets that are applied to
fault trees or event tree accident sequences. Flag sets are designed to modify

the logic when cut sets are being generated.

% Flag Set List

Flag Sets

Flag Sets

Name

ECS-PUMP-FLAG
FLAG-SET-SBO1
FLAG-SET-SBOZ2

Description

MEW FLAG SET DESCRIPTION
MEW FLAG SET DESCRIPTION
MEW FLAG SET DESCRIPTION

Idaho National Laboratory

L 1= o O ]

Add kodel Type

[ W 0K ]| xCanceI|

LE =) o || B 2w
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3.5.8. Change Sets

Idaho National Laboratory

The Change Sets option allows the analyst to create change sets that are applied
to fault trees or event tree accident sequences when generating cut sets. (This is
another location where change sets can be created and/or modified.)

@ Change Set List
Change Sets

Change Sets

E=S =N

Add Change Set

- [

Mame De=cription

3.5.9. Histograms

The Histogram option allows the analyst to create histograms that can be used
as uncertainty distributions for components that may not have a continuous
distribution. This is where the site histogram is created to be used for the project

when performing seismic analysis.

Description: Mews Histogram

Area

Twpe:

m

in # End |

0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
0.0000E+00
=] 0.0000E+00
0.0000E+00
0.0000E+00
0. O000E 400

[N T T N Y

40

Range
0.00 percent
0.00 Hazard
D.DD.Frag'"ty

<P Edit Histograms EFeel 1 [ = |[ =] =]
Histograms
Histograms [aga Histogram ~|
MName Type Description
<P Edit Histogram 7 = — | [
Histogram Histogram Edit
Mame: NEWY

Starting Point: 0.0000E+00

Area

0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. 0000E +00
0. OO00F 400

AN}

[ 2 cancel ]

Save As MNew [

w” 0K ]
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3.5.10. User Settings

The User Settings option allows the analyst to provide the default settings that
the project will use for cut set generation and quantification; output options; etc.

3.6. Tools

The main toolbar Tools menu provides search, cross-reference, and project recovery
and status functions.

File ™ View Bookmarks Publish Project | Tools| Help

L, Search

Cross References

a¢ Check Project

4 Recover Project
Load Accident Matrix
Conveolution Ev Mapping

Wiew Error Log
3.6.1. Search
Search can be accessed both from the main
toolbar Tools = Search and also from the
G, search |
Search window which is above the User Area
in all views.

The search function works just like a standard internet search engine. There is
no need to place a wildcard symbol in the search text. Enter in a string of
characters and search on that string. For instance, “cc” is entered in the simple
search below. The search is by default not case sensitive.

Highlighting or placing the mouse over an item in the results panes provides a
preview of the item:
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g% Search for information E@
Project Search ccs ( search] [ Advanced]
View Options Fault Tree
Preview Data
[¥] Basic Events [¥] Event Trees CcCS
J| Fault Trees End States
L = Containment Cooling System
o 3
+ (CACKW-CC-A CCS Train A Discharge Check Valve Fails to Open = MinCut Upper Bound 5 53E-02
+- C-CKNW-CC-B CCS Train B Discharge Check Valve Fails to Open HE .
+ CCS Containment Cooling System E i Se_t Pro-bCutoﬂ U'UQE*—DD
+- C-MOWV-CC-1 CCS Suction |zolation Valve Fails to Open ETTTHCERTT HINTT FOHEE DEEL
4. C-MOV-CC-A CCS Train A Discharge MOV Fails to Open RRanpLEt
+- C-MOV-LCC-B CCS Train B Discharge MOV Fails to Open S
s C.PMBE.ER.A 8 Pume A Eaile tn Bun i =
- S
(G- 0C5 | Cortamment Cooing System
“ 2

3.6.2. Cross References

The Cross Reference tool finds what is used by the item or what uses the item
and displays it in a hierarchical tree. For instance, to find out what the Basic
Event C-CKV-CC-A is used by, highlight the basic event in the list panel, then
choose Tools = Cross References. Note in the illustration below, that the
further expansion is available by clicking on the “#” next to the items of interest.
To view all of a root type, such as Basic Events, use the Root Type pull down
menu. The view can also be changed from Used By to Uses.

% Cross References EI@
Root Type Default Usellses
[ 2]
Name Uzellzes Description
= C-CRW-CC-A Used By CCS Train A Discharge Check Walve Failz to Open
=~ Fault Trees
CCS Used By Containment Cooling System
= Fault Trees (Cut Sets)
CCs Used By Centainment Cooling System

- Sequences
LOSP [3] Used By ECS, CCS

xport Browse “ xglu\se ]
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3.6.3. Check Project

Check Project checks the project’s items for common errors and omissions.
Tools = Check Project opens the Project Check form:

Choose which items to check by clicking on the desired check boxes. To check
all items for all errors, click on Check All. The sub-check boxes perform the
automated functions and are not activated by the Check All option. These sub-

check boxes must be activated by clicking on them.

%% Project Check
Project Level Checks

Global Rules

Event Level Chedks
Probability Inconsistencies

Exdude Developed Events
Exdude {TRUE, FALSE, IGNORE)
Unused Basic Events
Exdude "Z=" events
Auto Remowve
Template Check

List unassigned Events

Fault Tree Level Chedks
Unused Gates

Auto Remowve
Gate Issues
Unused Fault Trees
Auto Remowve
Ewvent Tree Level Checks
Unused End States
Auto Remowve
Linkage Rules

Post-Processing Rules

Check all

Mo Category for -

E=mE=n =~

Database Maming Issues

Auto Synchronize (except Events)

Correlation Class Chedk
Extraneous Information
Auto Clear
Description Issues
Auto Synchronize
Check CCF Component ID
Auto Clear
Check CCF Shared Events

Logic Loops
Multiple Tops

Auto Split Multiple Tops
Top Issues

Post-Processing Rules

Partition Rules
Unused Sequences

Auto Remowve

[ /OK l | x Close |

3.6.4. Recover Project

The Recover Project utility allows the user to re-write the project database

relational files. The files will be compacted and checked for consistency.

Some indications that a database recover is necessary include:
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¢ Data elements such as events/fault trees have been deleted and seem to
reappear

¢ During cut set generation or update, the results seems surprisingly high
¢ Cross Reference reports show/don't show events being used properly

¢ Events/fault trees that don't appear to be referenced cannot be deleted,
and

¢ After a software version update, SAPHIRE displays a message stating a
database recovery is required.

You may recover the database anytime because the rebuild process compacts
the data and generally helps the software run faster. This option will recover all
key indexes and then recover the cross-references. This process may take
several minutes to complete. If your database has not been damaged, this option
will just restructure and optimize your database.

3.6.5. Load Accident Matrix

The load accident matrix was developed as an option to load external event
information and automatically create event tree sequences and flag settings for
specific evaluations (e.g., fire zones, flood zones).

3.6.6. Convolution Ev Mapping

The convolution event mapping option was developed to automatically calculate
convolution probabilities for offsite power recovery. SPAR models contain these
power recovery basic events that have been calculated offline.

3.6.7. View Error Log

The Error Log displays errors encountered in solving portions of the model or
loading data, etc.
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3.7. Help

The Help menu provides a path to the .html topic help files and information on the
software.

. Topic Search - opens the .html based help file for the main page where
hyperlinks can be followed to find help on SAPHIRE 8 topics.

Eile Wiews Bookmarks Publish Projeck Tools | Help
7 Topic Search

Users' Guide

Help videos

SAPHIRE & MUREGICR-7039

About SAPHIRE...
Fixes Docurment

Credits

Disclaimer

.‘.- l-
WP SAPHIRE 8 Reference - Electronic Help

Contents Harlp
File The SAPHIRE 8 graphical user interface (GUI) is implemented using a
View Windows-design environment which allows for multiple, resizable forms
Bookmarks using standard windows usability features such as drag-and-drop.
Publish
Project Multiple Object Accessibility
Tools
Scarch A guiding principal for the redesign of Version 8 is that the software will

center on risk/reliability objects (e.g., fault trees, event trees).
Basic Events  Attributes of these objects will be readily accessible and are easily
Fault Trees adjustable. In version 7, a user could only access one object at a time.
E Trees In version 8, multiple ohjects may be accessed at the same time via
Types multiple windows.

atecs

Change Sets  Model Construction versus Model Analysis

Workspaces
When a user performs an analysis, a copy of the relational database
files are created and stored in a unique workspace folder in the
workspaces directory. Once the analysis is complete (i.e., saved) the

relational database files will be compressed into a single .zip file. The
compressed flle may be shared with another user if desired. The
uncompressed file may be opened at a later time and the database
reviewed to inspect the analysis. Currently, three types of workspaces

are available: General, SDP, and Event Evaluation. The analysis
process, reports, and results are customized specific to each type of
workspace.

Fault Tree Editor

One substantial improvement to the fault tree editor is the hybrid
anncaach bo.aditinn. Tha SADHIDE 8 aditoric o mancosmdcke .

. Users Guide - opens a .pdf file of the SAPHIRE Users Guide document.

. Help Videos - opens the SAPHIRE home page and allows the analyst to select
different topics. These videos provide step by step instructions to perform select
tasks.

. SAPHPIRE 8 NUREG/CR-7039 - directs internet browser to the NRC library and
allows the analyst to open/save one of the seven SAPHIRE volumes.

. About SAPHIRE... - opens an informational graphic about the SAPHIRE 8
software.
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. Fixes Document - lists the changes that have been incorporated into the latest
version of SAPHIRE.

. Credits... - thanks those whose efforts have helped the development of
SAPHIRE over the years.

. Disclaimer - discusses the restrictions on the code and other legal information.
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| 4 | mopEL EDITING

Section 4 covers navigation of the model creation and editing functions and the use of
the lists panel.

4.1. SAPHIRE Model Development Area

Creating and modifying the base reliability model for a project database is performed in
windows opened up in the model development area, which is where the gem graphic is
located. The windows can be expanded beyond the graphical area and dragged
anywhere on the computer screen. The various Fault Tree, Event Tree, and Basic Event
screens opened up in the Model Development area will open with their own main menu
and title bar, such as the event tree one here:

%82 SAPHIRE Event Tree Editor LOSP (ET Edit) = = |3

File Edit Insert View Help
Zoom % 5] [wouN - - Phase
KRR = - o |5 | pHEsEN - S, search

4.1.1. SAPHIRE Window Management

The various windows opened in the Model development area can be managed
through sizing and storing for ease of use and quick retrieval.

4.1.1.1. Sizing a Window

Most SAPHIRE 8 dialogs and windows can be resized by dragging its
edges until it is the size you want. You may also maximize and minimize
the windows as needed.

A SAPHIRE specific button @] is available next to the minimize and

the maximize E] buttons on the title bar. Click @] to automatically resize
and reposition the window so that the window fits exactly within the model
development area.

4.1.1.2. Open Windows

In SAPHIRE 8, you can have multiple windows open at the same time.
This includes multiple windows of the same type. For example, you can
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have two different fault tree editor windows open at the same time, as well
as several basic event editors.

Every window that is open appears in the “Open Windows” list on the Lists
Panel and is grouped according to the type of window it is. Click on an
item in the “Open Windows” list to bring that window to the front of the
others. This will restore a window if it has been minimized.

4.2. Lists Panel

The main screen of an opened project contains a resizable panel of lists along the left
side of the window. This panel is connected to the left side of the main window, but you
can grab the right border of the panel and stretch or shrink the width of the panel as
needed.

a»

Press the * button to collapse a list, and ¥ to expand it.

You can choose which kinds of lists appear in the panel by toggling the check marks
next to the different list types in the View option available on the main menu. For
example, to display the End States list in the List Panel, choose View — End States,
and make sure a check box appears next to the End States menu option. To remove
the End States list from the List panel, choose View — End States and make sure a
check box does NOT appear next to the Basic Event menu option.

4.2.1. List Filters

The “Basic Events”, “Fault Trees”, and “Event

A 41 Trees” lists contain a drop down list of filters next
Al : to their list labels. For fault tree and event tree
New fault tree .. , .
:  Sub Trees - lists, you may choose the “All”, “Main Trees”, or
CCS Containment Coolir Unused . . .
. Has Rules “Sub Trees” filters to display only the trees in the
ECS Emergency Cooling pg g set

list that meet the filter criteria. For basic events,

several filters are available, such as Initiators,
Templates, Compound, and House. The “Standard”
filter displays all available events that would normally
be used in fault tree modeling, and excludes “helper”
events such as template; system generated,
developed, and value events.
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4.2.2. Selecting from a List

One or more items can be selected from each list for processing. An item in a list is
selected if it is highlighted. There are various ways to select items from a list:

. To select a single item, click with the left mouse button on the desired item and
let go of the mouse button.

. To select multiple continuous list items, you can click with the left mouse button
the on first desired item, then while holding down the Shift key, click the last
desired item.

. To select multiple non-continuous items in the list, click several items while

holding down the Control key.

. To select all items in the list, hold down the Control key and press “A”.
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Notes
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| 5 | BUILDING EVENT TREES

Section 5 introduces event tree terminology and SAPHIRE event tree modeling
conventions. This section also covers how to enter an event tree into SAPHIRE using
the graphical event tree editor and also how to edit an existing event tree. It also shows
how to customize the visual display of the event trees.

Loss of Offsite Power

Emergency CoolingSystem

ContainmentCoolingSystem

LosP

ECS

CCS

End State
(Phase - PH1)

=

Working

@

Failed

0=

o O

0K

SHALL-RELEASE

LARGE-RELEASE
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5.1. Event Tree Development

Event trees are developed by starting with an initiating event and branching to the right
as various safety functions are questioned for success (up branch) or failure (down
branch).

Event trees provide a traceable way to perform the following functions:
¢ Identify accident sequences

¢ Identify essential safety system functions

¢ Quantify sequence frequencies

Event Tree Definition:
Event trees are logical representations of significant plant responses to
initiating events with each sequence resulting in either a safe condition (such
as safe shutdown) or an accident condition (such as core damage).

Event Tree Development Process

Plant
familiarization
¥
Define safety functions and Select applicable initiating Determine plant
success criteria events to model Tesponse
¥

Define accident seq. and plant Identify system Develop fault trees...
damage states failure criteria lirnk to event trees
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5.2. Event Tree Terminology

Some key terms used in Event Tree development are:

Initiating Event — An initiating event is an operational occurrence (such as a
LOCA or transient) which threatens fuel safety and may require safety system
response to avoid core damage.

Top Event — Safety systems (or human actions) intended to respond to the
initiating event.

Branching — A branch underneath a top event indicates success with an up
branch and failure with a down branch.

Pass — When there is no branching beneath a top event, then the top event is
not relevant to the particular sequence.

Sequence — This is the branching path, from initiating event to end state, which
is a unique combination of system failures and/or successes.

End State — This is a group of accident sequences which share certain
characteristics, or outcomes, that the analyst delineates. These may be related
to ability to perform a safety function or timing of functional failures.

5.3. SAPHIRE Event Tree Conventions

Conventions used in SAPHIRE Event Tree development include:

Event Tree Names — Event tree names may be up to 24 characters. The event
tree name does not have to be the same as the initiating event name.

Top Event Names — 24 characters allowed.
Initiating Event — Only one initiating event allowed per event tree.

OK, Success — If the end state column entry is OK or Success, then logic for
that sequence will not be developed, and the sequence will not be analyzed.

Branch — SAPHIRE always uses success for the up branch and failure for the
down branch.

Transfer Trees — An event tree can branch to another event tree by using
transfers. You must indicate that a transfer is to be invoked and specify the
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transfer event tree file name. The first top event in the transfer tree is ignored by
the calling tree.

Forbidden Characters — The symbols *, ?,\, @, /, and spaces are not allowed in
naming SAPHIRE event trees or top events.

5.4. Beginning an Event Tree Editing Session

5.4.1. Adding a New Event Tree:

Double click “New Event Tree” from the Event Trees list on the List Panel, or
choose File > New — Event Tree.

An event tree editor window will open:

% Mew Event Tree Properties

Name:

== E=

Tree Hierarchy

NEVV-ET]

Description:

News Event Tree

Group:
PROJECT -

[[] Decompostion ET @ Main Tree
) Subtree

Group Description:

Project Event Tree Group

[ ' OK ] [xt:ancel]

Enter the information on the form and click OK, the “empty tree” will display:

*- SAPHIRE Event Tree Editor NEW-ET (ET Edit) EEX

File Edit Insert View Help

Zoom %
RR [0

(75 [ == Phaze

2

| e &l

&
Hew Top # End State: Frequency rts
(Phase - PH1) (Fhass - PH1) (Phase - PH1)

mmmmm

—
o—[F]
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5.4.2. Opening an Existing Event Tree:

Double click on the desired event tree in the Event Tree List Panel, or highlight
the event tree; right click and choose Edit Logic from the pop-up menu.

5.5. Inserting Top Events

Insert top event to the left toolbar button

To add a top event to the left of an existing top event, choose the Insert Top to the left
button. Move the null cursor & over to the top event box, and the cursor will change

to ‘?’El A left click will insert a new box with the description “New Top Event” and an
arbitrary name to the left of the initiating event box. Note that you cannot insert a top
event to the left of the initiating event.

To add additional top events, continue to click on the initiator box or any top event to
add additional top events to the left of the clicked box.

Insert top event to the right toolbar button

To add a top event to the right of another top event, choose the Insert Top to the right
button. Move the null cursor & over to the top event box, and the cursor will change to

‘ZEI-'. A left click will insert a new box with the description “New Top Event” and an
arbitrary name to the right of the initiating event box.

Select toolbar button

When you are finished adding top events, click on the hand toolbar button to leave
Insert mode and enter Select mode. Alternately, you can right click to exit the insertion
cursor.
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5.6. Modifying top events
Editing a top event:

To edit the name and/or description of a top event or initiating event, highlight the Top
Event, right click and choose the Edit option. Or, if you are in Select mode (not Insert
mode) you can double click a top event. The Edit Top Event window will be displayed.

% Edit Top Event El@

Top Event/Model Name:

Eﬂ hd Decomposition ET
Top Event De=scription:

New Top

[ /DK ] |xCﬂI'ICE.‘||

Top Event Name — The name of the top or initiating event (maximum of 24
alphanumeric characters).

Top Event Description — Brief description of the top (maximum of 120
alphanumeric upper and lowercase characters).

Decomposition ET - Tells SAPHIRE if this top will be a fault tree logic model or
a transfer type event tree.

Fill in the name and description for the selected Top Event. To assign a top event that
already exists in the project, click the drop down box, select the existing top from the
combo box (listing all existing fault trees). The corresponding description will
automatically be filled in. Press OK to close the Edit window and view the updated
event tree drawing.

Deleting a top event:

To delete a top event, select the top event by left clicking the mouse, right click the
mouse and select the Delete option from the pop-up menu. (The Delete option will be
grayed out if there are branches associated with the selected top. You must remove the
branches before you can delete the top. See Deleting Branches.)
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Adding up and down branches, adding descriptive text on branch lines and deleting are

covered in this sub-section.

5.7.1. Adding event tree branches

To add branches to an event tree, choose the Insert Up Branch or Insert Down

Branch toolbar button.
Insert Up Branch toolbar button
Insert Down Branch toolbar button

Select the branch point —o=

and the null cursor & will change to the

appropriate branch cursor (up) %E or branch cursor (down)E , depending
upon the toolbar button chosen. A left mouse click will add a new branch in the

event tree above or below the selected branch.

TIP: When a valid branch point is selected, the cursor will change. Position the
cursor so that the tip of the arrow is inside the branch point circle.

5.7.2. Deleting branches

To delete an unwanted branch, right click on the unwanted branch point —

and choose Delete from the pop-up menu.

5.7.3. Adding text to a branch

(O

To attach text to a branch, double click on

the branch point—“, or right click, and
choose Edit from the pop-up menu.

Enter the branch text in the Branch
Annotation field and press OK. The text will
display above the branch point. The text
will stay with the branch as the tree is

8¢ Edit Event Node (Top Event = ECS) [ |[ B |[nie)

Substitute Model Name:
-USE-TOP-EVENT-ASIS- -

Branch Annotation:

Phase:

[ o OK ]| XCanceI|

resized and/or edited.

57




SAPHIRE 8 Basics Idaho National Laboratory

5.7.4. Expanding and Collapsing branches

To aid the development of larger trees, portions of your event tree can be hidden
(collapsed). The nodes will still exist, but will not be visible in the editor until they
are expanded. This allows you to focus on a particular section of a tree. To

collapse a node, while in Select mode (click to get into Select mode if

needed), click the = symbol that immediately follows the node you want to
collapse. All branching that originates to the right of the node (including
sequence/end state information) will disappear, and in its place will appear
_O

5.8. Editing Sequence/End State Information

Each sequence path has additional columns that contain information about the
sequence. This information includes the name of the sequence, the end state of this
sequence, its frequency, and a comments field. If the sequence continues to another
event tree then the name listed in the end state field is the name of the transfer event
tree. This additional information can be edited and displayed.

5.8.1. Edit End-State Description

To enter additional information about a sequence end state, select the sequence
end state of interest by left clicking the mouse, then right click on the sequence
box and choose the Edit option. The Edit End-State Description dialog will be

displayed. .
% Edit End State Descriptinnhl:l = S

End-State Name: Transfer

End-State Name — The name of the
sequence end state. This is limited to 24
alphanumeric characters. If the sequence
transfers to a sub-event tree, check the
Transfer box. The name listed is used as

the transfer event tree. e
4 B4E-002

SMALL-RELEASE

Seguence Name:

1-LOSP-EC3-CC3

Sequence Name — This is the informational Comments:
name of the sequence. SAPHIRE will not
refer to the sequences elsewhere in the
project using this name — it only appears in | ok | [ X cancel
the logic editor as descriptive information,
and is therefore generally not used.
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Frequency — Contains the frequency information that was previously input for
the sequence. SAPHIRE 8 does not automatically update this field as the
value becomes available.

Comments — Free-form comments up to the maximum limit of 24
alphanumeric characters.

5.8.2. View Sequence/End State Information

View | Help

Zoom In
Zoom Out
Fitin View

Hide Mode

Box Size

End State Names

Freguencies
Comments

Sequence Mames

Wiew Quick Edit
Show Motes

To view or hide each column of information: From the
editor's main menu, toggle the check marks for the following
options:

View —» End State Names
View — Frequencies
View - Comments

View —» Sequence Names

5.9. Editing the Visual Display of Event Trees

5.9.1. Adjust the visual display of the event tree

View | Help

Zoom In
Zoom Out
Fitin View

Hide Mode

The size of the top event boxes can be selected to be
small, medium, or large by check marking the desired size
in the editor's main menu, View — Box Size.

Box Size

End State Mames
Freguencies
Comments

Sequence Mames

Small

Medium

Large

View Quick Edit
Show Motes
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5.9.2. Zooming

To enlarge or shrink the view of the event tree, use the zoom toolbar options, or
choose the equivalent option from the main menu.

Toolbar option | Menu equivalent Function
View — Zoom In Enlarge the scale of the drawing by a step.
View — Zoom Out Reduce the scale of the drawing by a step.
(none) Enlarge or reduce the scale of the drawing to
o the step value selected combo box, where
100% is considered normal.
View — Fit In View Size the drawing so that the entire drawing is
@ visible in the window

Use the scroll bars to change the portion of the diagram displayed in the window.

5.10. Ending the event tree editing session

To save the event tree, from the Event Tree Editor menu bar choose File —» Save.

To save a duplicate of the tree, use File - Save As and enter the name and (optional)
description of the event tree as directed. Designate the event tree as a main or sub tree.

ﬁ Mew Event Tree Properties E'@
Mame: Tree Hierarchy
E Decomposition ET @) Main Tree

Subtree
Description:
Loss of Offsite Power
Group: Group Description:
PROJECT w Project Event Tree Group
[ W 0K l | xl:ann:el|
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To exit without saving, from the Event Tree Editor menu bar choose File = Exit.
Choose No to quit without saving.

Warning I,&J
! Event tree LOSP has changed, Save current changes?
Yes ] | Mo | | Cancel

TIP:
To rename an event tree or change the description or main/sub tree designation without
exiting the editor, choose Edit = Properties.

5.11. Example Event Tree
The LOSP event tree from the DEMO project:

Loss ofOffstePower EmergencyCoolingSystem ContainmentCoolingSystem # Endstate Frequency
[Phasze - PH1) [Phase - PH1)
LOSP ECZ CCE
C — 1 Ck

M
S~ 2 SMALL-RELEASE 4 840E-002

O = oy
O 3 LARGE-RELEASE 1.759E-003

5.12. Printing Event Tree Graphics

. To print event tree graphics, highlight event tree(s) then select Publish = Event
Tree Report. From the list select, “Event Tree Graphics Report”

. Select the type of output via the radio button. SAPHIRE will print the event
tree(s) to the format selected (i.e., Rich Text Format [RTF]).
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4§} Publish (ET)

Event *TJréi_é,’Re f)e rts

=

- - This.is a preview only, to see all items publish the report!

Event Tree Listing

Event Tree Listing (Seq. Count)
Motes

Cut Sets (by Event Tree)

Cut Sets (by Sequence)

Cut Sets Compare (by Event Tree)
Cut Sets Compare (by Sequence)
Detailed Cut Sets (by Event Tree)
Detailed Cut Sets (by Sequence)
Detailed Cut Sets Compare (by Event
Detailed Cut Sets Compare (by Sequs
Event Tree Sequence Logic

Event Tree Sequence Logic Flags
Event Tree Sequence Logic with Desc
Event Tree Sequence Logic with SDP
Event Tree Sequence Logic Expandec
Event Tree Sequence Logic Modified
Linkage Rules

Partition Rules

Post-processing Rules

Event Tree Dominant Results
Dominant Sequence Results
Dominant Sequence Lerf Results
Sequence MNotes

Event Tree CDF by Category

Mominal Results by Initiator
Dominant EE Sequence Results
Uncertainty

Uncertainty Quantiles

Uncertainty Quantiles (Mominal)
Importance Measures

Component Importance

Operator Action Importance

Custom Report

Farmat

@ HTML

© PDF

() Rich Text Format (RTF)
Comma Delimited

(0) Excel Format (XLS)

@
2
S
o
=
=

w

=
=
o
£
=]
o
o

(]

Event Tree Graphics Report

New DEMO model for
instructional use
(SAPHIRE Basics)

172572016 6:40:15 PM
LOSP
Loss of (ftsite Power Emergency Cooling Containment Cooling #
System System
LoSP |ECs

T

Model Version: 0.0

Model Date: 01/02/2008

[ I
o—{ ' NN
o—{ * N

Software Version: Saphire
813

Cutoff % (for detail display, where applicable)

1.00

[« Pubiish | | % cancel |

¢

Or, with event tree highlighted in the event tree graphic editing mode, select File =

Click the Publish button.

Print. This will send the event tree directly to the default printer.

Two options are available:

Or, copy the event tree graphics and paste directly into a document (i.e., Word) by File

¢ Fit to single page — prints event tree on one page

¢ Grid paged format — prints event tree in different segments

= Export Image. The output can be (WMF or BMP copy).
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| 6 | BUILDING FAULT TREES

Section 6 introduces fault tree development, SAPHIRE fault tree symbols, and
SAPHIRE fault tree modeling conventions. You will learn how to enter and edit fault
trees by using the fault tree graphical editor.

CL8 Train B fails

Containment Coofing Systes
ccs
A
I |
Mo wester 1o the Pump Trsing foth Pump Trains Fall to Infect
CCE-SUPPLY CCS-TRAINS
1
L] 1 I 1
CCS MO 1 Fails to Open RYWET Supply Fails LR Train A fails
CCS-HMOV-1 STNKFCT  [2.4000E-06 | CCS-TRAIN-A CCS-TRAIN-E
— o A |
T 1 | I |

Diesed Generator B Falls

SUP-DGH-B

B Fal

£ Train B Discharge Chack
Vabve Faila to Open

SUP-DGH-A

SUP-DGN-B

[int]

[1.0000E-04

S0E44| [SDGH-FRA  |24130E-02]

Déesel Benerator A Fails fo Sta

LS Train 8 Discharge MOV Fails
10 Open
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6.1. Fault Tree Development
Fault tree development in SAPHIRE is accomplished through graphical representation.

Fault Tree Analysis Definition:
Fault tree analysis is a deductive failure analysis method which focuses on

identifying all of the credible ways that can cause an undesired event to
occur. The undesired event is stated at the top of the fault tree. The fault
tree gates specify the logical combinations of basic events that lead to the

top event.

Fault Tree Development Process

Plant
familiarization
From event tree top event Define the fault tree top gfdh;watt:;}rstem
definitions event 5 -
houndaries
¥

™ - ™ 4
specify model assumptions | Consiruct fault free N Analyze model and
and conditions | model - perform check

r N, 7 N
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6.2. SAPHIRE Fault Tree Terminology

Some key terms used in Fault Tree development are:

Nodes — Nodes are entries into the fault tree which consist of gates and basic
events.

Gates — Gates are action nodes. Their output is based on the inputs received
from other nodes or they transfer to another fault tree or a different part of the
current fault tree.

Basic Events — Basic Events are probabilities of occurrence of actions or
conditions. SAPHIRE 8 has many model options for basic events.

6.3. SAPHIRE Fault Tree Conventions

Conventions used in SAPHIRE Fault Tree development include:

Fault Tree File Name — The fault tree name must be the same as the top gate
name. The fault tree name can be 24 characters long.

Fault Tree Node Defaults — The default node (Gates, Basic Events) Style and
Size may be modified on the User Settings dialog (Project = User Settings =
Graphical Editor).

Fault Tree Gates — The gate name is limited to 24 characters in length and
cannot include spaces. Gates may be duplicated among different fault trees as
long as the gates are identical (not recommended). ldentical gates are two gates
with (1) the same name and (2) the same inputs. SAPHIRE 8 defaults to a new
gate name to eliminate duplicate gates.

Basic Event Names — The basic event name is limited to 24 characters in length
and cannot include spaces.

Top Gates — A fault tree "page” or file can have only one top gate and the top
gate must be the same name as the fault tree name.

SAPHIRE Default Naming — SAPHIRE will automatically assign basic event
names (FTNAMEt#) and gate names (FTNAME#); however, the user will typically
want to replace the default name.

Transfer Fault Trees — A fault tree can transfer to another fault tree by using
transfer gates. The transfer gate name and the “transfer to” gate name must be

65



SAPHIRE 8 Basics

Idaho National Laboratory

the same. The gate being transferred to must either be on the same page
(internal) or be the top gate of a separate fault tree file (external).

Complemented Events — Complemented events can be input into fault trees by
right clicking on the event in the fault tree editor, then selecting “complement”.
Complemented events can be reverted to normal logic in the same manner.

Forbidden Characters — Do not use *, ?,\, @, /, or space in the naming
SAPHIRE fault trees or basic events. Note that the “/” symbol is reserved to
denote a complemented event.

6.4. Basic Event Symbols

Graphical toolbar symbol for different basic event types are shown below, which is then
modified in the Basic Event Edit option.

De=crigtion of Basic Event
a1

BASIC-EVEMT-01 |1 JOE+00

O

Descrigtion of Basic Event

BASIC-EVEMT-04 |1 JOE+00

Description of Basic Event

BASIC-EVEMT-03 |1 JOE+00

Description of Basic Event

BASIC-EVEMT-02 |1 JOE+00

Descrigtion of Basic Evert
|

BASIC-EVEMT-01 |1 JOE+00

O
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Basic Event

A basic event represents a fault such as a hardware failure,
human error, or an adverse condition. The standard PRA
basic event shape of a circle signifies that the fault event
does not require further development. A box is available to
provide an area that contains the description of the basic
event.

Stacked Basic Events

Stacked basic events consist of two or more basic events
displayed in a fashion that represents a “table” of basic
events. SAPHIRE allows up to eight basic events to be
stacked within one group under a single gate. After that, an
additional group of stacked basic events is created under the
same gate. The logic used by the stacked events is dictated
by the gate it is connected to in the fault tree. Note that the
description for each basic event appears above its name and
double clicking on the basic event will bring up the basic
event editor.
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Description of Undeveloped
Ewvent

BASIC-EVEMT-05 g.0E-04

De=crigtion of House Event

BASIC-EVEMT-06 |True

()

Undeveloped Transfer

MEVY-FT-53 |7 5E-04

v

Idaho National Laboratory

Undeveloped Event

The undeveloped event denotes a basic event that is
actually a more complex event that has not been further
developed by fault tree logic. SAPHIRE treats this event no
differently than a basic event.

House Event

The house event denotes a failure that is guaranteed to
occur (TRUE) or never to occur (FALSE). Even though any
basic event in SAPHIRE can be a house event, the
calculation type dictates the analysis behavior (Section 4).

Undeveloped Transfer

The undeveloped transfer indicates that the event is complex
enough to have its own fault tree logic developed elsewhere;
however, the event has been treated as a basic event in the
present fault tree.

6.5. Logic Gate Symbols

Graphical toolbar symbols for different gate types with corresponding cursors:

AND Gate

=

AND Gate

FAULT_TREE_10

L]

Or Gate N/M Gate Transfer Gate

= = =

AND Gate

All inputs to the AND gate must occur for failure to occur.
Text symbols used to represent an AND gate include m and *.
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O Gate

FAULT_TREE_1

R

M out of M Gate

FAULT_TREE_11

2[—y3

Transfer Gate

FALLT_TREE 12 [Ext

A

Complement of: Gate Mame
Deszcription (MAND Gate)

FALLT_TREE_13

o
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OR Gate

Any one input to the OR gate will cause failure to occur. Text
symbols used to represent an OR gate include U and +.

N/M Gate

This gate states that N of the M input events must occur for
failure to occur. For a 2-of-3 gate, any combination of 2 of
the 3 input events must occur.

Transfer Gate

This gate is used to link logic structures together without
introducing any new logic of its own. The transfer gate
indicates that logic is continued on a new page (or on the
same page). The transfer gate name is the same as the gate
name where the logic continues. When transferring to
another page (a separate fault tree file), the gate being
transferred to must be the top gate on the page. (Note that a
top gate name must be the same as the fault tree name.
Thus, the transfer gate name must be the same as the fault
tree name.)

NOT AND (NAND) Gate

The output occurs if any one of the inputs does not occur
(see example below). A NAND gate is converted into regular
(non-complemented) logic by first complementing each input
(A -->/A) and then changing the gate to an OR gate. Note in
SAPHIRE that the “/” indicates a complemented event.
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Complemert of. Gate Name
Description (NOR Gate)

FAULT_TREE_14

£

NOT OR (NOR) Gate

The output occurs if none of the inputs occur (see example
below). A NOR gate is converted into regular (non-
complemented) logic by first complementing each input (A ->
/A) and then changing the gate to an AND gate. Note in
SAPHIRE that the “/” indicates a complemented event.

Equals

&
X

Delete Term Gate

FAULT_TREE_15

o

:
e 909

Delete Term Gate

This gate is used when the delete term process is required
within fault tree logic versus accident sequence logic. The
inputs to this gate are converted to success states and then
ANDed to other logic in order to remove certain combinations.
The success events do not show up in the resultant cut sets.
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6.6. Beginning a Fault Tree Editing Session

6.6.1. Opening a New Fault Tree

Double click on the New Fault Tree text at the top of the Fault Trees list to open

a new fault tree.

4 Mew Fault Tree Properties

Name:

NEW-FT]

Description:
Mew Fault Tree

Default Truncation “alue:

Default Flag Set:

%] = =l ||t
Tree Hierarchy
@) Main Tree
~) Subtree

0.0000E+00

Default Quantification Method
Project Default vl

[ W OK llxtancell

A new fault tree opens with a default OR gate as the top gate.

%% SAPHIRE Fault Tree Editor NEW (FT Edit)
File Edit Insert View Help

E O

77 Model Type | Phase
£ 2

=

Ci, Search

Mew Fault Tree

MNEW-FT

H
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6.6.2. Opening an Existing Fault Tree

Double click on the desired fault tree in the Fault Tree List Panel, or highlight the
fault tree; right click and choose Edit Logic from the pop-up menu.

6.7. Fault Tree Gates and Basic Events

How to add gates and basic events to the fault tree is discussed below.

6.7.1. Adding a Basic Event to a Fault Tree

Existing basic events are added by clicking on the basic event in the Basic Event
List Pane and dragging it then dropping it onto the desired gate.

To add a new basic event to a fault tree gate use the Graphical Toolbar symbol

for a basic event

By clicking on this button, the cursor will change to the null cursor Y . The

cursor will then change to the boxed basic event symbol \7%' when placed over a
gate. Use a left mouse click to add the basic event under the gate. Once the
basic event is added, the attributes of the basic event can be changed to one of
the various types of basic events along with its graphical display (click Event

Display Type).
%§¢ Add Basic Event - NEW-FTO e = (w3
Name MNEW-FTO Probability = 1.00E+00

Description BLANK BASIC EVENT FOR NEW ENTRY

__ | Template Event Default Template |Motassigned - |

Failure Model | Attributes | Applicability | Notes |

Alt. Name NEW-ETO

Al Description BLANK BASIC EWENT FOR NEW ENTRY

Ewent Types General Event -

General Event

Hazard Event

Initiating Event

Recowvery Event |

Category Factor Event Description

Ewent Display Type

Event Categories:

| Save As New [ /OK ] | &&pph{ | | x Cancel|
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6.7.2. Adding Logic Gates

By clicking on a gate icon, the cursor will change to a null cursor & . The cursor
will change to the boxed gate symbol that represents the gate selected when
placed over a valid insertion location (i.e., over a gate). Use a left mouse click to
insert the gate.

Once the gate is inserted into the drawing it can now be edited to include a
specific name and description by right clicking and selecting Edit.

Edit

Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Paste As

Delete

Complement
Conwvert Gate to Sub-Tree

Sohve Gate

View As Top Gate
Reset Top Gate

Maowve To Transfer

To change its type to one of the various types of gates, click on the drop down
gate type and select the appropriate gate type.

—
<& Edit Fault Tree Gah___@@lg

Name: Gate Type:
CCS03 AND -

|
De=zcription:

Changes Applied © () Local (Just in this tree) @ Global (Every tree containing it)

[ V' OK ] [xcancell

Complement of gates, such as NAND and NOR, are created by first adding the
standard gate and then changed by right clicking and selecting complement from
the menu.
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6.7.3. Deleting Logic Gates or Events

To delete a gate or event, right click the gate or event and choose the Delete
pop-up menu option. All of the “child” gates and events (those that are inputs to
the selected item) are deleted with the selected item.

6.8. Fault Tree Main Menu

The fault tree main menu provides functions for editing and adjusting the view of

the fault tree.

File

Save

Save As ..

View Expanded Model Types

Import Logic... Ctrl+I
Export Logic...
Export Image

Page Setup...
Print

Exit

Edit

Properties...

Undo Alt+BkSp

Cut Ctrl+X
Copy Ctrl+C
Paste Ctrl+V
Paste As

Complement

Select All

Move To Transfer

File

Save — Saves the fault tree as it is currently configured
Save As... — Save the fault tree as it is currently configured
as a different name

View Expanded Model Types — Adds all of the different
phases’ events on one fault tree for review, but not
modification.

Import Logic — Load a fault tree file into the current fault
tree

Export Logic — Save the current fault tree as a *.ftl MAR-D
file.

Export Image — Save the fault tree image as a .bmp or .wmf
file.

Page Setup — Set up a page for printing the fault tree to
Print — Print the fault tree

Exit — Close the fault tree

Edit

Properties — Change properties such as the name,
description, or the flag set assigned to the fault tree

Undo — Removes the last action taken on the fault tree

Cut — Cut the selected item from the fault tree and save to
clipboard

Paste — Paste the item in the clipboard to the fault tree gate
Paste As — Paste the item as a different name
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Insert [

Pk

Or Gate
Mofh Gate

Transfer

0k

=
=

5p

=
3

Basic Event

OT Gate

View
ZoomIn
Zoom Cut
Fit in View

And Gate

Box Size

w | Stack Transfers

Stack Events

Wiew Quick Edit
Show Motes

Idaho National Laboratory

Complement — Treat the event as a success event [its
probability is 1-P(failure)]

Select All — Selects all items

Move To Transfer — Transfers to the logic of the transfer
gate that is highlighted (internal or external)

Insert
Choose a gate or basic event to insert and click on an
existing gate to insert it into the fault tree.

View

Zoom In — Increases the size of the tree in relation to the
window by one increment

Zoom Out — Decreases the size of the tree in relation to the
window by one increment

Fit in View — Make the fault tree graphic fit in the fault tree
window

Box Size — Opens a selection for changing the gates and
basic events box size to small, medium or large

Stack Events — Check to display the events as stacked
under their gate

Stack Transfers — Check to stack transfers at the same
level under a gate

View Quick Edit — Check to open the quick edit toolbar for
use. Quick Edit allows editing basic events and gate nhames,
descriptions and gate types without having to open the basic
event editor.
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6.9. Zooming

To enlarge or shrink the view of the fault tree, use the zoom toolbar options, or
choose the equivalent option from the main menu.

Toolbar : :
: Menu equivalent Function
option

View —» Zoom In Enlarge the scale of the drawing by a step.
View — Zoom Out  Reduce the scale of the drawing by a step.
(none) Enlarge or reduce the scale of the drawing to

the step value selected combo box, where
100% is considered normal.

View — Fit In View Size the drawing so that the entire drawing is
visible in the window

Use the scroll bars to change the portion of the diagram displayed in the window.

6.10. Ending the Fault Tree Editing Session

To save the fault tree, from the Fault Tree Editor menu bar choose File — Save.

To save a duplicate of the tree, use File —» Save As and enter the name and (optional)
description of the fault tree as directed. Designate the fault tree as a main or sub tree.

4§ Mew Fault Tree Properties E'

Name: Tree Hierarchy
FT4 i@ Main Tree

() Subtree
Description:

Mew Fault Tree

Default Truncation Walue: Default Flag Set:
0.0000E+00 [ -

Default Quantification Method
Project Default = ]

[ ok | [ % cancel |

To exit without saving, from the Fault Tree Editor menu bar choose File = EXxit.
Choose No to quit without saving.
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6.10.1. Sample Fault Tree

Demo CCS Fault Tree with events stacked

4% SAPHIRE Fault Tree Editor CCS (FT Edit) EREs EI@

File Edit Insert View Help

== |[= | Zoom% | Model Type | Phass —_—
ERRJ= (2 [#]2]2)2) & ] o= & searci

CovBlme ooy SEEm

LI
Nowakr o tie Pamp Trahs

EEEEILIN [EesTREmE
oy
L L L 1
CEE MOV | Falk DOpe RIVET SAPE Falk CCETra A Bk CCETHaN b G
] EmereT __ [zweos [Eo=Tram= [CC=TRENS
) 2]
L] L] 1 L] L] 1
DkselGeneratr b Fall CCS Sacton bokthn Vake ST Pamp A Falk Dlese | Gene abr & Falk Desel | | COSTial & DEcharge ©heck. DkselGereraor b Falk ST Pamp B Falk CESTrah § DEchage Check
Falls b 0pen Geae ator & Falk: jals Falks b 01 ik Falk © 0
SUP-0GH-5 e [zooEst [Eesrumrs [Eup-DGnA R, [1000ED4] [5UP-0G -6 [ [ECspumps [Erees [iooEse
[ [R] [R] CCE Tiah A DEclange MOV (] CCS Tral 6 Dkchaige MOV
[i] Fall DOper Fals D Op
TCS Punp A Falk DRN TCS Pump § Falk BRU
[C-PMp-FR [50EEDs| [S-0Gh-FR2 [C-PME-FR-E SEEDH
CCS Punp A Falk bt | [ DkselGere rator & Falk bt CCE P B Falk £ St
R e ey (R TEOED

6.11. Printing Fault Tree Graphics

. To print fault tree graphics, highlight fault tree(s) then select Publish = Fault
Tree Report. From the list select, “Fault Tree Graphics Report”

. Select the type of output via the radio button. SAPHIRE will print the fault tree(s)
to the format selected (i.e., Rich Text Format [RTF]).
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%2 Publish (FT)

Fault Tree Reports

== E=n

This is a preview only, to see all items publish the report!

Fault Tree Listing

Fault Tree Listing With Flag Sets
Fault Tree Logic

Fault Tree Logic (Expanded)
Fault Tree Logic (Modified)
Cross Reference

Motes

Cut Sets

Detailed Cut Sets

Cut Sets Compare

Detailed Cut Sets Compare
Post-processing Rules
Uncertainty

Uncertainty Quantiles
Uncertainty Quantiles (Mominal)
Importance Measures
Component Importance
Operator Action Importance
Fault Tree Graphics Expanded Model
Fault Tree Graphics Expanded Repor
Custom Report

-
c
(=]
B

=
@

__Ul__
L4}
=

=
=
[=]
o
a

i

@ HTML

© PDF

(7 Rich Text Format (RTF)
Comma Delimited

(71 Excel Format (¥LS)

=
=
5]
=]
=
w
=
=
@
=
=
o
o
O

Farmat

New DEMO moedel for
instructional use (SAPHIRE
Basics)

Fault Tree Graphics Report

1/25/2016 7:40:58 PM

ECS

Py b

Model Version: 0.0

Model Date: 041/02/2008 Software Version: Saphire 8.1.3

Cutoff % (for detail display, where applicable)
1.00

[« Pubiish | | % cancel |

* Click the Publish button.

Or, with fault tree highlighted in the fault tree graphic editing mode, select File = Print.
This will send the fault tree directly to the default printer.

Three options are available:

¢ Fit to single page — prints fault tree on one page

¢ Grid paged format — prints fault tree in different segments

¢ Smart paged format —

structure

prints fault tree to optimize number of pages and logic
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| 7 | BASIC EVENT EDITING

Section 7 introduces SAPHIRE basic event data entry and basic event probability
calculation types.

7.1. Basic Event Terminology

Unique terms used in SAPHIRE Basic Event editing are discussed below.

7.1.1. Failure Model

SAPHIRE provides 22 unigue calculation types to describe how the basic event
succeeds or fails.

7.1.2. Developed Event

A developed event is an event in SAPHIRE that is either an event tree top or a
fault tree top gate. Regular fault tree basic events are not considered developed
events.

7.1.3. Delete Term

In SAPHIRE, the process known as “delete term” refers to the removal of
sequence success cut sets from the list of failure cut sets when generating
sequence cut sets. As an example of the “delete term”, consider a sequence
where top event A is successful and top event B is failed. Any cut sets that
would fail A will not be allowed in the cut sets for B, so those cut sets are
removed from the sequence.

7.2. Modify Basic Events

. To enter basic event data, go to the “Basic Events” list on the List Panel.

. To add a new event, double click New Basic Event ... at the top of the Basic
Events list (or File = New =» Basic Event).
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. To modify data for an existing event, double-click on the event you want to edit or
highlight the basic event; right-click to invoke the pop-up menu and select Edit
Basic Event.

% SAPHIRE [project: "DEMO-MDL-BASICS - Mew DEMO model for instructional use (SAPHIRE Basics)" folder: "C:h\Saphire 8

File” View Bookmarks Publish Project Teols Help

> Basic Events

i, Search

Mew Dasic event ...

CCS Train ADischarge Check Valve Fa..

C-CEM-CC-B CC3 Train B Discharge Check Valve Fa.

Edit Basic Event

C-MOV-CC-1 CC35 Suction Isolation Valve Fails to Op. Hide / Show ,
C-MOV-CC-A CC3S Train ADischarge MOV Fails to Q... Set Bookmark
C-MOV-CC-B CC3 Train B Discharge MOV Fails to O

C-PMP-FR-A CCS Pump AFails to Run Goto Bookmark g
C-PMP-FR-B CCS Pump B Fails to Run Delete

C-PMP-F3-A CCS Pump AFails to Start Find

C-PMP-F3-B CCS5 Pump B Fails to Start
E-CEM-CC-A ECS Train ADischarge Check Valve Fa...

7.3. Edit Basic Event Screen

Modifying a basic event displays the “Edit Basic Event” dialog.

4@ Edit Basic Event - C-CKV-CC-A =n(ECRE=
r - - - - -
- pa L B .
e T MC CKV-CC-A Probability = 1.000E-04
& - - _ S
‘Description | CCS Train A Discharge Check Valve Fails to Open
x v I -
Ard 4 -~ = i N -
o + | | Template Eve'nl.r = Default Template [NutAssugned - N
Failure Model |Atlributes | Applicability | Notes | Summary|
Item Value
= ModelType RANDOM
B emaser
Uses Template Mot Assigned
Description
Calculated Probability 1.000E-04
Process Flag Failure=»> System Logic | Success== Delete Term
E} Failure Model Failure Probability (1)
(- Probabilty 1.000E-04
E} Uncertainty Distribution Log Mormal
‘.. 95% Error Factor 1.000E+01
‘.. Correlation Class CKVCTY

[C] Save As New w/ OK xﬁpply
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The screen consists of name and description textboxes, a template event assignment
checkbox with a dropdown list of default templates, and also shows the calculated
probability in the upper right.

7.3.1. Basic Event Screen Navigation:

. Click on the field you want to edit. The text will become editable, or a drop
down selection box will become available.

. To save event changes and close the event window, choose OK.
. To save event changes but continue editing the event, choose Apply.
. To quit without saving a changed event, choose Cancel.

. To create a new event based on the characteristics of the displayed event,
rename the event and check the Save As New box, then choose OK.

7.3.2. Basic Event Name and Description

The name is the fundamental name used in the fault trees and event trees. A
uniqgue name must be specified for every basic event in the logic models. A
maximum of 24 uppercase, alphanumeric characters may be entered.
Embedded spaces are not allowed.

The description is a 120-character, uppercase or lowercase, alphanumeric field
that provides brief, descriptive information.

7.4. Basic Event Failure Model

The first tab on the left of the Edit Basic Event dialogue is the Failure Model. The use
and capabilities of this tab are discussed.

81



SAPHIRE 8 Basics Idaho National Laboratory

82

S Edit Basic Event - C-CKV-CC-A (= N <
W ELCMC-CRVCCCA Probability = 1.000E-04

Descri plion CCS Train A Discharge Check Valve Fails to Open

| | Template Event Default Template |NotAssigned -

Failure Model | Attributes | Applicability | Notes | Summary

Item Value
=}- ModeMype RANDOM
=} Phase PHASE_1
Uses Template Mot Assigned
Description
Calculated Probability 1.000E-04
Process Flag Failure=> System Logic | Success=> Delete Term
=} Failure Model Failure: Probability (1)
—}- Probability 1.000E-04
=} Uncertainty Distribution Log Normal
95% Error Factor 1.000E+01
Correlation Class CKW-TA

Save As New oK Applhy x Cancel

7.4.1. Event Template

If you wish to use another event’s information as a template for this basic event,
select the name of the event from the drop-down list (Default Template). Then
check the box next to the desired characteristics to be used by this basic event.
By default, all of the template event characteristics are selected and not editable.
Other characteristics not in the template can be edited.

7.4.2. Model Type

A basic event has one or more model types. Each model type can have its own
description and failure model information. This field is non-editable.

7.4.3. Description

This is the basic event description for this model type. Often it is the same as the
basic event’s main description.

7.4.4. Calculated Probability

The calculated probability that will be used for the basic event is listed in this
field. Note that certain failure models (i.e., fail to operate [without repair] {3}) will
show the calculated probability, based on failure model chosen, in the Calculated
Probability field.
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7.4.5. Process Flags

Process flags are primarily used to tell SAPHIRE how to solve event tree
accident sequences and fault tree logic. The process flag in the model type will
cause the developed event (top event of any fault tree) to use the logic shown in
Table 1 and Table 2. If the developed event is used as an Event Tree sequence
top, the logic in Table 1 is used. If the developed event is used as a Fault Tree
transfer, the logic in Table 2 is used.

Table 1. Sequence Top Process Flags

Failure => System Logic

Success => Delete Term

When the Process Flag field is blank, the transfer associated with this
event is expanded for failure references. For success branches in an
event tree, the transfer is also expanded; however, the impossible cut sets
are removed from the resulting cut sets using cut set matching (i.e., the
delete term).

Failure => System Logic

Success => /System Logic

Use system logic (if top event fails), use the complement of the system
logic (if top event succeeds). That is, if the top event is a failure, SAPHIRE
will expand the fault tree and solve, just as one expects. If the top event
succeeds, SAPHIRE will complement the fault tree logic and solve it,
thereby resulting in a non-coherent logic solution.

Failure => System Logic

Success => /Developed Event

Use system logic (if top event fails), use complement of the developed
event (if top event succeeds). That is, if the event fails SAPHIRE will
expand the fault tree and solve. If the event succeeds, SAPHIRE will treat
the top as a basic event (i.e., developed event) and use the complement of
the event for the system probability.
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Failure => Developed Event

Success => Delete Term

Use developed event (if event fails), use cut set matching to eliminate cut
sets (if event succeeds). That is, an "X" tells SAPHIRE that a basic event
is to be used for failure probability, but a success top is to be treated the
same as if the flag was blank.

Failure => Developed Event

Success => /Developed Event

Use developed event (if event fails), use complement of developed event
(if event succeeds). Thatis, a "Y" indicates that a transfer is to be
replaced with its basic event for failed references and the complement of
the event is to be used for success tops. If the top event is to be treated
as a basic event (both for the up and down branch), then use a “Y” flag for
the event.

Table 2. Sequence and Fault Tree Process Flags

Failure => System Logic

Success => Delete Term

When the Process Flag field is any value other than “X”, the transfer
associated with this event is expanded for failure references. For success
branches in an event tree, the transfer is also expanded; however, the
impossible cut sets are removed from the resulting cut sets using cut set
matching (i.e., the delete term).

Failure => Developed Event

Success => Delete Term

Use developed event (if event fails), use cut set matching to eliminate cut
sets (if event succeeds). That is, an "X" tells SAPHIRE that a basic event
is to be used for failure probability, but a success top is to be treated the
same as if the flag was blank.
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7.4.6. Uses Template

To use another event’s information as a template for only this model type, select
the name of the event from the drop-down list. For single model projects, use
Event Default Template instead.

7.4.7. Failure Model

The Failure Model contains a calculation type selection box. There are 22
unique calculation types identified as 1, 3,5, 7, N, V, T, F, |, C, X, S, G, E, H, U,
Y, D, A, R, Q and O and defined in Table 3. Choose the desired calculation type
from the drop-down list. See Table 4 "Basic" failure model calculation types and
Table 5 “Advanced” failure model calculation types for details.

7.4.8. Failure Model Parameters

When a failure model is selected, the screen will change to display the required
input types for that model.

Table 3 SAPHIRE Failure Data Entry Requirements

Calculation Type

I OZ2<0 Yo owkR

X
A,Q.R
E,S,|,T,F,U,Y,D,A,0

Notes:

Parameters*

Mean Failure Probability

Lambda** (per hour), Mission Time*** (hours)

Lambda* *(per hour), Tau (hours), Mission Time*** (hours)
Lambda** (per hour), Tau (hours)

Library and Procedures

Value

Frequency, Frequency Units (initiating event)

Median Failure Acceleration, Screening G-Line

Median Failure Acceleration

SPAR-H Diagnosis, Action, and Dependency Parameters
CCF Properties Edited in model data****

None

* Uncertainty parameters will become available depending on the uncertainty
distribution selected
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** The time units of lambda, tau, and mission time are forced to be the same so that
they cancel (e.g., in time units of either hour or per hour).

*rx If no mission time is specified (i.e., the mission time is zero), the default mission
time specified in SAPHIRE Project = User Settings = Analysis options will
be used.

**xk See Risk Assessment of Operational Events Handbook (RASP) CCF Module

7.4.9. Uncertainty Distribution

For each failure model input, an associated uncertainty distribution can be
defined. There are thirteen predefined distribution types available:

Beta, chi-squared, constrained non-informative, dirichlet, exponential,
gamma, histogram, lognormal, maximum entropy, normal, seismic lognormal,
triangular, and uniform.

In addition to these predefined distribution types, user-defined histograms may
be used.

The default distribution type is Point Value (i.e., it is a point estimate). Choose
the desired distribution type from the drop-down list. The screen will change to
display the required input types for the selected distribution type.

7.4.10. Correlation Class

Use to account for data dependencies among like events in the database. Enter
up to 24 uppercase, alphanumeric values. A blank correlation class indicates
that there are no data dependencies. When running the uncertainty analyses,
the same sample value will be used for all basic events with the same correlation
class.
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Table 4 "Basic" failure model calculation types

o
Il
o

Simply a probability (or, possibly, a frequency
in the case of an initiating event). Could
represent a failure upon demand.

p = probability, in the “mean probability” field

P=1-EXP(-A*Tm) Failure probability of an operating component
without repair (non-demand failure mode)
A = mean failure rate, in the “lambda” field
Tm = mission time, in “mission time” field
P=(A/[1+{At}])* Failure probability of an operating component
(1 - EXP [-(A + 1/t) * Tm])  With the possibility of repair following a failure.
A = mean failure rate, in the “lambda” field
T = mean repair time, in the “tau” field
Tm = mission time, in “mission time” field
P=1+ (EXP[-A1]-1)/(At) Failure probability of a standby component in
a non-demand failure mode that is tested
periodically.
A = mean failure rate, in the “lambda” field
T = test interval, in the “tau” field

o
Il

House event TRUE, represents a failure.

The basic event is to be treated as a value
event. This calculation type is used in order
to include events that take on values instead
of probabilities. Therefore, the value can be
greater than 1.0.

The basic event is to be treated as if it did not
exist in the logic for the fault tree. Before the
tree is solved, all references to the specified
event are removed from the fault tree.

o
Il
o

o
Il
o

House event FALSE, represents a success.
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P=N (N>0) The basic event is to be treated as an
initiating event frequency. This can be any
positive value.

Table 5 “Advanced” failure model calculation types

Common Cause A calculation to represent CCF using the
Calculation method identified in the RASP handbook.
RASP-based train level CCF on a train-level basis with multiple
common cause components in each train (not yet implemented)
calculation

RASP-based initiating A calculation to represent initiating event (per
event common cause year) common cause failures (required for

calculation component assessments used in initiating
events).
P=1 House event for common cause calculation

when using the RASP method where it is
unknown if the component is independent

P=1 House event for common cause calculation
when using the RASP method where the
component is identified as independent

P=1 House event for common cause calculation
when using the RASP method where the
component is identified as dependent

P = calculated The basic event’s probability is calculated

probability based on different equations within SAPHIRE
(i.e., summation of two different basic events or
common cause failure calculation performed
within SAPHIRE).

P = calculated This basic event is a human action and

probability SAPHIRE has worksheets built in to calculate
the human error probability based on
performance shaping factors.
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P = calculated
probability

P =
®[In(gspecified/a)/Br].

P = calculated
probability

P = calculated
probability

P = @[In(ghazard/a)/Br].

Idaho National Laboratory

Finds a fault tree with the same name and uses
its current cut set min cut upper bound as the
probability.

The basic event is to be treated as a seismic
event. The probability value for screening will
be calculated using the “screening G-level”
(ground acceleration) and median failure
acceleration (fragility) specified by the user.
Strictly for use only in seismic analyses.

The basic event is to be treated as a seismic
event. The probability value for screening will
be calculated using the highest G-level (ground
acceleration) from the project’s “seismic hazard
curve” and median failure acceleration (fragility)
specified by the user. Strictly for use only in
seismic analyses.

Finds an end state with the same name and
uses its cut set min cut upper bound as the
probability

Uses convolution calculator based on mission
time and input parameters (i.e., basic events)

7.5. Basic Event Attributes

Each basic event has special attributes that delineate the type of event. The Attributes
tab opens the dialogue for setting or viewing these attributes.

89



SAPHIRE 8 Basics Idaho National Laboratory

4 Edit Basic Event - C-CKV-CC-A [F=RECR(C=)
Name (800 W 2elel Probability = 1.00E-04

Description ' CCS Train A Discharge Check Valve Fails to Open

[ | Template Event Default Template |NotAssioned ~|

Failure Model | Attributes Applicabilityl Nl:rtesl Summ'ary|
Alt. Name C-CKV-CC-A

Al Description CCS Train A Discharge Check Valve Fails to Open

Event Types |General Event - |

Event Display Type | Standard

b |

Event Categories:

Category Mame Deszcription

Save As New 0K Apph X cancel

7.5.1. Template Event

‘Template Event Check Box’ — If checked, then the event’s probability, attributes,
and other information can be used by other basic events. This box does not
indicate that the event is using template data. It is used to indicate that the data
in this event can be used by other basic events.

7.5.2. Event Types:

Select from the drop-down list to specify the category or use of the event.
General event - This is the default and is appropriate for most basic events.
Hazard event - A special type assigned to histogram bins for seismic analysis.

Initiating event - Any initiating events should be identified with this category
designation. The event tree editor will automatically enter an 'I' when the user
specifies that the first event is an initiating event.

Recovery event — Generally not used.

Factor Event - A special type to be assigned to basic events representing alpha
factors used in CCF calculations (reserved for future use).
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7.5.3. Event Display Types:

Select from the drop-down list to specify the visual representation of the event for
Fault Trees.

Standard Event — This is the default and is appropriate for most basic events.

House Event — This is an event that is either true or false and is usually set by
Flag Sets or Change Sets.

Undeveloped Event — Typically a gate or an event set to a probability of one as
a placeholder for an event that will have a failure model assigned in the future.

Undeveloped Transfer — This is another placeholder event that is a transfer
event that has not been assigned a tree to transfer to yet.

7.5.4. Event Categories

Optional event categories can be defined for the project through MAR-D
download or manually entered through Project = Categories. These categories
are used in Significance Determination Process (SDP) analyses. If event
categories have been defined for the project, click on the “Name” column for
each category and select the desired value.

7.6. Basic Event Applicability

The Applicability tab opens the dialogue to select the applicable model types and
phase(s). By default only one model type is selected. If more than one model type or a
Phase is selected, “Failure Model” data that is separately applicable to each model type
must be entered.

91



SAPHIRE 8 Basics Idaho National Laboratory

| Failure Model | Mlnbutes| APP||°3bl|lf!;'-| Notesl Summarﬂ

Select all (Medel Type / Phase) applicable combinations

Bswesson | oc | [ %o | [Kcaaa)

7.7. Basic Event Notes

The Notes tab allows entry of notes and references related to the basic event that can
be included in reports.

| Failure Model | Attributes | Appllblllty| Notes | Summhrﬂ

Event Notes:

Check valve A located in Containment Cooling System

Event Reference:

Table 2. NUREG-3300(

[Clsaveastew [ o OK ][ &Amly] [xcﬂmﬁl
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7.8. Basic Event Summary

Idaho National Laboratory

The Summary tab provides a summary of the basic event, including uncertainty (if

uncertainty parameters have been specified).

S Edit Basic Event - C-CKV-CC-A
= :

-

Name C-CKV-CC-A Probability = 1.00E-04

r

Description CCS Train A Discharge Check Valve Fails to Open

# [ Template Event Default Template [NDtAssigneﬂ v]

| Failure Model | Attributes Applicability [ Notes| Summary |

=

Ty Basic Event Report
e,( Jan 23, 2014 1:28 PM

New DEMO model for instructional use (SAPHIRE Basics)

CCS Train A Discharge Check Valve Fails to Open

C-CEV-CC-A 1.00E-04 CCS Train A Discharge Check Valve Fails to
CCS Train A Discharge Check Valve Fails to ~ OPeRl
Open
Failure Model
Basic Event Failure Model Parameters
C-CEV-CC-A RANDOM C-CEV-CC-A
C-CKV-CC-A None E
1.0
’ g
E 0.9 E
E F0.8 &
i =4
0.7 é
5 Los ©
i «
: : : : Los 2
o
: o4 S
H o
: oz 3
S NS ST .. o
: 0.2 3
o
0.1 g
T u T T T T T 0.0
20E-4 40E-4 6.0E-4 B0E4 10E-3 12E-3 14E-3
BASIC EVENT VALUE
References:  [rap1e 2. NUREG-2000( -
Notes: Check wvalve & located in Containment Cooling System -

Cumulative [ X axis Logarithmic
[] POF [ axis Logarithmic

[ save As New [ o OK ] ’ %, Apply ] ’ X Cancel]
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7.9. Editing a Basic Event

When editing a basic event, the type of failure model needs to be selected depending
upon the component of interest. (The two dominant failure models will be discussed.)

7.9.1. Demand Related Failure Model (i.e., fails to start, fails
to open)

The Failure Probability (1) failure model drop option needs to be selected, then type
in the failure probability for the component (as shown below its demand failure
probability is 1.0E-04). The uncertainty information can now be added at this time
(uncertainty distributions will be covered in Section 9). Once all of the information
has been input, select the OK option to save and close the basic event form. If you
select the Apply option, SAPHIRE will update the information but not close the form.

<§% Edit Basic Event - C-CKV-CC-A |2 [z
Name C-CKV-CC-A Probability = 1.000E-04

Description ' CCS Train A Discharge Check Valve Fails to Open

Template Event Default Template |Notassigned -

Failure Model | Attributes | Applicability | Notes | Summary

Item Value
=} Modelype RANDOK
=}- Phase PHASE_1
Uses Template Mot As=igned
Dezcription
Calculated Probability 1.000E-04
Process Flag Failure== System Logic | Success== Delete Term
—}- Failure Model Failure Probability (1)
=} Probability 1. 000E-D4]
—}- Uncertainty Distribution Leg Mormal
95% Error Factor 1.000E+1
Correlation Class CKW-T1

Save As New DK Apph x Cancel

7.9.2. Operating Related Failure Model (i.e., fails to run)

The Failure Probability (3) failure model drop option needs to be selected, and then
type in the failure rate for the component (as shown below). When selecting this
failure model, the mission time also needs to be input. SAPHIRE will calculate the
failure probability (i.e., probability the component will fail prior to the mission time).
The uncertainty information can now be added at this time (uncertainty distributions
will be covered in Section 9). Select OK, to save the information.
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%@ Edit Basic Event - C-PMP-FR-A =N EoR ==
r " - - -
"Name ' C-PMP-FR-A Probability = 5.039E-04
4 F
Description cCS Pump A Fails to Run
iy Tempfate Event ~  Default Template [NDtAss-ignad -

Failure Model |Attribut“es | AppI}cabiIity | Notes | Summary|

Item Value
= ModelType RANDOM
5 Prase eeas
Uses Template Mot Azsigned
Deszcription

Calculated Probability S.038E-04

Process Flag uccess=> Delete Term

=I- |[] Failure Model Fails to operate (without repair) (3}
ambda 2.100E-05

=+ Uncertainty Distribution Log Nermal
Mo units are assigned, the analyst must

c c
95% Error Factor = 000E+00 know what the units are so they cancel out.
=—"Fj-_Mission Time 2.400E+01

Uncertainty Distribution Point Value
Correlation Class PMP-TZ

[ save Az New [ W OK ] [ &gpphf ] l x Cancel]

Note: The uncertainty option for the mission time does not perform any sampling at
this time; therefore, no information should be input into that field.

7.9.3. Save As New

Any basic event that has been previously saved can be modified and saved as a
new basic event. Double click the basic event, change the name and description
and then the analyst can utilize the same probability input parameters as a new
basic event by selecting the “Save As New” check box.

[] Save As New [ W OK ] [ E&pphﬁ ] ’ x Cancel]

This will save the basic event as a new basic event without having to add all of the
input parameters to this new basic event. However, if you change the name of a
basic event and fail to check the “Save As New” check box, the newly named basic
event will over-right the original basic event with this new event name everywhere it
is used.
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7.9.4. Template Events

Template events are basic events that can be shared. For example, if a PRA contains
15 individual motor operated valve (MOV) basic events that fail to open, one can refer to
a single template MOV-CC instead of typing the MOV failure rate information 15 times.
Template events can be set up so that the event description, failure data, uncertainty
data, attributes, and/or process flags can be used multiple times.

To create a template event, double click on New basic event in the Basic Events
window to open the Basic Event form (or File > New - Basic Event).

@ Edit Basic Event - ZT-MOV-CC =5 Eos =
r T " i
.~ ‘Name ZT-MQV-CC Probability = 1.000E-03

r 2 .
‘Description | Discharge MOV Fails to Open

F -
r e Template Event

Failure Model |Attribute-s | Applic_ability | Nr.-tesl Summary|

Item Value
= Modelype RANDOM
5 rase eeAser
[T] Description
Calculated Probability 1.000E-03
|:| Proceszs Flag Failure=» System Logic | Success== Delete Term
[=! Probability 1.000E-03

=] Uncertainty Distributi...  Log Mormal
85% Error Factor  1.000E+01

Correlation Class MOW-T1
[ 5ave As New 0K Apply
. Input the basic event description, failure data, and uncertainty data that are

associated with this template.

. To make SAPHIRE use this event as a template event, select the Template
Event check box.
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Now, click the Attributes tab. You will need to indicate which information is to be
shared by this template event. If a box is checked in the Avail For Use (see below)
then that information will be shared, otherwise, the description, event types and display
types can be different in the event using the template information from what is specified
here and only the failure model information is shared.

4§ Edit Basic Event - ZT-MOV-CC =N o<

Name ZT-MOV-CC Probability = 1.000E-03

Description | Discharge MOV Fails to Open
/| Template Event
Failure Model | Attributes | Applicability | Notes | Summary
Alt. Name ZT-MOV-CC

Alt. Description Discharge MOV Fails to Open
Avail For Use
Description

V| EventTypes |Genera| Ewvent vl

7] Event Display Type |5tandard v|

Ewvent Categories:

Category Mame Description

Sawe As New QK Apph x Cancel

Note:
One generally does not want to share the description since
the events that use the template will have (possibly) unique
descriptions.

To use a template event:

. Open the basic event edit window that will use the template event. (In the
illustration below, basic event C-MOV-CC-A was selected).
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. The template can be assigned by clicking on the Default Template down arrow
to list all of the template events in the database. Select the applicable template

event.

%® Edit Basic Event - C-MOV-CC-A

L HCMOV-CCA|

Template Event

Item
=} ModeType
—}- Phase
Uses Template
Description
Calculated Probakbility
Process Flag
=} || Failure Model
=} |¥| Probability

+f| ©5% Error Factor
| Correlation Class

Description | CCS Train A Discharge MOV Fails to Open

Failure Model | Attributes | Applicability | Notes | Summary

=}- [¥| Uncertainty Distributi.. Log

=5 [Eon |
Probability = 1.000E-03
Default Template |zrmowv-cc -
Check Boxes indicate using/exporting template properties!

Value
RANDOM
PHASE_1
Not Assigned

System Logic | Success== Delete Term

Save As New Apph x Cancel

Now, basic event C-MOV-CC-A will use the MOV-CC information that is indicated by

the checked boxes.

. If desired, information from the template event can be ignored by un-checking
any of the applicable check boxes.

. If a box is unchecked, the user will need to supply that information. For example,
if the template failure rate “lambda” is not used, the failure rate would need to be
specified just like a traditional basic event. In the case of the C-MOV-CC-A event
from the DEMO project, it will revert to the original values entered for this basic

event.

The yellow highlighted data fields with the check marks in the boxes next to them
represent the information that was carried over from the template event. This
information cannot be modified unless you deselect the particular input field by un-

checking the box.

The advantage of using template events is if a parameter changes, the parameter
only has to be changed once at the template event. Then, all the basic events using
the template event will be updated automatically.
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‘ 8 ‘ GENERATING FAULT TREE CUT SETS

Section 8 describes how to generate fault tree cut sets. Model preparation prior to
generating cut sets is discussed, and the various analysis and truncation options are
described. Cut set display features are also presented.
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8.1. Prerequisites for Generating Fault Tree Cut Sets

. Fault tree logic was created by using the fault tree graphics editor, or loaded into

the database via the MAR-D interface.

. Basic event data were added through the Edit Basic Event forms (or MAR-D
interface).
. Fault tree transfers are properly modeled so that there are no logic loops in the

fault trees, there is only one top gate in each fault tree, and the naming of

transfer gates and fault tree filenames is consistent.

Logic Loop Example

Loss of Service YWater System

LOSYY

[.E:I
[
Loss of Electrical Power
LOEP LOSWI [N
| |
Failure of Diesel Generators
LOSWID [1.00E0)
DIESH.
LOSWN [1.00E40
Failure of Diesel Generators
DIESH.
A
=]
I rEms———
Loss of Cooling Yater to Diesel
Gererators
DIESHD DG-1 DIESH =2
A -
[ I
Loss of Service Water Systern
DIESH. 10 LOSW E=H 12

The correct way to "break the loop" will depend on which system is being analyzed.
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8.2. Menus and options for fault tree cut set

generation
¢ Use the mouse to Select the Fault Tree(s) from % SAPHIRE [project: “DEMO - Demonstration Sample Family” folder .
the LiSt Panel .Fi\e View Bookmarks Publish Project Tools  Help '
. 5 Standard w|¥ =
= = |
e fault tree
. Right-click to invoke the pop-up menu.
Yiews Importance Measures
. Wiews Uncertainky
. Select the Solve option. ot .
o Bocknark
Delete:
RENY S SN
49 Solve Cut Sets for ECS (FT) = <=

Settings | Results

Cut Set Truncation Options

By Probabilty | Global | 1.00E-13

[7] Solve using Flag Set

r

Threads to use on solve 1

-

Quantification Method

[* Min Cut Upper Bound

[7] Solve starting at gate

Solution Steps
Sobve for Cut Sets

Apply Post-processing Rules
lpdate / Quantify Cut Sets
Quantify Cut Sets
|:| Copy Cut Sets to Nominal Case
[[] clear Current Case
|:| Clear Current Case (Al Models)

|:| Copy Cut Sets to Nominal Case (All Models)

Sohle For Model Types

Model Types

= RANDOM
PHASE_1

i o Solve | [ X Close ]

This option uses the fault tree logic from all fault trees that link to the top gate in the
system. The fault tree probability is quantified using the Project Default.
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8.2.1. Truncation Parameters

Select the desired truncation parameters and solution steps on the dialog, and
choose Solve to begin generating cut sets.

102

Cut Set Truncation — From this combo box, choose one of the following options:
None — No truncation will be performed.

Global — uses the cutoff value in the adjacent cut off field. This field
defaults to the value set in Project = User Settings = Analysis
options=» Cut Set Truncation = Fault Tree Value

System-specific — uses the cutoff value stored with the fault tree record
(via the Edit =» Fault Tree, Edit = Properties option).

Size Truncation — From this combo box, choose one of the following options:

Size — Cut sets having more than specified in the adjacent text box will be
discarded.

Zone — Cut sets having more Zone Flagged Events than specified in the
adjacent text box will not be retained.

None — The number of events in a cut set will not affect whether the cut
set is retained or discarded.

8.2.2. Solution Steps

The Solution Steps area form includes options for rules application, cut set
solving and Nominal Case update and/or Current Case clearing. Check one or
more of the following boxes to indicate which steps should be performed.
Options not available (i.e. no recovery rules have been set up) will be grayed out.
The steps will be performed in their logic order from top to bottom.

Solve for Cut Sets — If you check this box, the fault tree logic will be solved for
minimal cut sets using the truncation options specified.

Apply Post-processing Rules — If you check this box, any post-processing
rules associated with this fault tree will automatically be applied after the fault
tree cut sets have been generated.
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Update / Quantify Cut Sets — When this box is checked, the cut sets will be
reduced using Boolean algebra and then re-quantified using the truncation
options specified. This option is useful for eliminating non-minimal cut sets
introduced when post-processing rules have been applied, or to quickly re-
guantify the cut sets when basic event data have been altered

Quantify Cut Sets — When this box is checked, cut sets will be re-quantified
using the truncation options specified.

Copy Cut Sets to Nominal Case — When this box is checked, cut sets will be
saved as the nominal case.

Clear Current Case — When this box is checked, all data is cleared from the
current case and the cut sets are eliminated.

Clear Current Case (All Models) — When this box is checked, all data is cleared
from the current case and the cut sets are eliminated for all of the Model types in
the project.

Copy Cut Sets to Nominal Case (All Models) — When this box is checked, cut
sets will be saved as the nominal case for all of the Model types in the project.

8.2.3. Solve Quantification Methods

When Solve is clicked, the default quantification of the cut sets will be performed
based on the selections made in the Project = User Settings = Analysis
options = Analysis Settings. Optionally, the Quantification Method selection
can be made from the cut set solve form’s pull-down menu:

Quantification Method

* Kin Cut Upper Bound -
* Min Cut Upper Bound

Rare Event

Min/Max

Cut Set BDD

Full BDD

8.2.3.1. Minimal Cut Set Upper Bound Approximation

This calculation approximates the probability of the union of the minimal
cut sets for the fault trees. The equation for the minimal cut set upper
bound is
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s=1-]]@a-c)
i=1
where:
S = minimal cut set upper bound for the system unavailability,

Ci = probability of the i'th cut set, and
m = the number of cut sets.

Example: If the cut sets for a system are A, B, C, the system unavailability
computed from the minimal cut set upper bound approximation is
Pr(System) =1 - [Pr(1 - A)*Pr(1 - B)*Pr(1 - C)].

8.2.3.2. Min Max Quantification

The Min-Max quantification option quantifies the current case cut sets
using the exact probability quantification algorithm. From the example
above, the exact system unavailability is

Pr(System) = [Pr(A)+Pr(B)+Pr(C)] - [Pr(A*B)+Pr(A*C)+Pr(B*C)] +
[Pr(A*B*C)],

with the number of passes in this example being 3, corresponding to the
number of pairs of parentheses.

8.2.3.3. Rare Event Approximation

This calculation simply sums each cut set as an approximation to the
exact fault tree probability, [i.e., Pr(System) = Pr(A)+Pr(B)+Pr(C)].

8.2.4. Displaying Fault Tree Cut Set Results

Edit Logic
. Highlight the fault tree in the List Panel that you want to EditProgperties
view, right-click to invoke the pop-up menu. Edit Post-processing Rules
View Expanded Logic
. Select the View Cut Sets option.

Solve

View Summary Results
View Cut Sets

Edit Cut Sets

8.2.5. Selecting Fault Tree Cut Sets to View View Importance Messures

View Uncertainty

. The fault tree cut sets and minimal cut set upper bound e
approximations of the fault tree failure probability are now et Bookmark

i Goto Bookmark
dISplayed, oto Bookmarl
Delete

Find
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* To view the basic events in a cut set, click the “+” button for the cut set, or click
the Expand All Button to view the basic events for all cut sets at once.

. To find out where the events in the cut set came from, highlight a cut set and
click on the View Path option.

4 Cut Sets for ECS (FT Cut Sets) 72 = R ) | e |
Froject: ' DEMO-MOL-BASICS - New DEMO model for instructional use (SAPHIRE Basics Current Case g
Project Folder:  C\Saphire 8-PRE\DEMO PROJECTS\dema-maodel
Model Type: ~ RANDOM
Expand All [ ShowMT || Show Phase |
Original
# Caszes | Prob/Freq | Total % Cut Sets
2.53E-2 100 Displaying 28 Cut Sets. (28 Original) -
+ 1 C 2 1ME-2 83.46 S-DGMN-FR-A
+- 2 C 4 00E-3 15.80 S-DGMN-FS-A
+ 3 C 2.00E4 079 E-MOV-CC-1
+ 4 C 2.54E-5 0.10 E-PMP-F5-A 5-DGN-FR-B
+# 5 C 2. 1E-5 0.08 E-MOV-CC-A S-DGN-FR-B
+ B C 1.06E-5 0.04 E-PMP-FR-A_5-DGN-FR-B -
-7 C 480E6  0.02 [
1.20E-3 E-PMP-FS-A ECSP..
4 00E-3 S-DGN-FS-B Diesel ...
+- @ C 4 00E-6 0.02 E-MOV-CC-A S-DGN-F5-B
+ 9 C 2 A0E-6 = 0.01 S-TNK-FC-T1
+ 10 C 2 1ME-6 < 0.01 E-CKV-CC-A,S5-DGN-FR-B
+ 11 C 2.02E-6 < 0.01 E-PMP-FR-A,S-DGN-FS-B
+ 12 C 1.44E-6 < 0.01 E-PMP-FS-A E-PMP-FS-B
+ 13 C 1.20E-6 < 0.01 E-MOV-CC-B E-PMP-FS-A
+ 14 C 1.20E-6 = 0.01 E-MOV-CC-A E-PMP-FS-B
+ 15 C 1.00E-6 = 0.01 E-MOV-CC-A E-MOV-CC-B
+ 16 C 6.05E-7 = 0.01 E-PMP-FR-B.E-PMP-FS-A
+ 17 C 6.05E-T = 0.01 E-PMP-FR-A E-PMP-F5-B -
Slice Invert | Publish | |SavetoEnd State| [ x Close ]

. The Publish button from the cut set screen allows you to print a cut set report.

. The Save End State button allows you to store the list of cut sets in a user-
defined end state.

. The Slice button allows you to filter the list of cut sets based upon user-specified

criteria. The cut sets can be filtered based on cutoff, basic events, attributes, or
rules (refer to Section 15).
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‘ 9 | FAULT TREE UNCERTAINTY ANALYSIS

Section 9 describes uncertainty analysis for fault trees. The concept of performing
uncertainty analysis via Monte Carlo or Latin Hypercube sampling is discussed.

Uncertainty

Distributions Sampling
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9.1. Fault Tree Uncertainty Analysis

Uncertainty analysis calculates the variability of a fault tree top event probability
resulting from uncertainties in the basic event probabilities.

SAPHIRE 8 provides two uncertainty analysis technigues:

Monte Carlo sampling

Latin Hypercube sampling

9.1.1. Monte Carlo Sampling

¢ A fundamental approach

¢ Makes repeated quantifications of the system cut sets using each random
variable sampled from the basic event uncertainty distributions.

¢ Requires more samples than Latin Hypercube sampling for the same degree
of accuracy.

9.1.2. Latin Hypercube Sampling

¢ A stratified sampling technique, with the random variable distributions divided
into equal probability intervals.

¢ Probability is randomly selected from within each interval.

¢ May require fewer samples than simple Monte Carlo for similar accuracy;
however, it may take longer to generate a random value than for a simple
Monte Carlo sample.
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9.2. Uncertainty Distributions for Basic Events

Basic event distribution types supported by SAPHIRE include:

Beta b in Beta(a, b)

Chi-squared Degrees of freedom
Constrained Noninformative (none)

Dirichlet Beta value of success branch
Exponential (none)

Gamma rinI°(r)

Histogram Histogram number
Lognormal Error factor

Maximum Entropy Lower and upper end point
Normal Standard deviation

Point Value (Use point estimate value only)
Seismic Log Normal Betar, Beta u

Triangular Mode, Upper end point
Uniform Upper end point

For example, a demand related basic event that uses a lognormal distribution.

< Edit Basic Event - C-MOV-CC-A e
- r L - -
e Name C-MOV-CC-A Probability = 1.000E-03

o - i F
/Description CCS Train ADischarge MOV Fails to Open

7] 1 "
| Template %vent' ~+ Default Template [ZT-Mov_cc v]

Check Boxes indicate using/exporting template properties!
Failure Model |Attributes | Applicability I Neotes I Summary|

Item Value
= Modelype RANDOM
. Uses Tempilate Mot Assigned
Description
- Calculated Prebability 1.000E-03
Process Flag Failure== System Logic | Success=>= Delete Term
E} |:| Failure Model Failure Probability (1)
E} Probakili 1. 000E-03

=+ Uncertainty Distribution Log Normal
... ©5%% Error Factor 1.000E+01
‘.. Correlation Class WMOWV-T1

[Csaveastew | ok | [ S aeely | | X cancel |
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SAPHIRE uses the inputs to determine the distribution of the component that will be
used during the sampling process. The above basic event is a lognormal distribution
and SAPHIRE will use the mean value and 95%Error Factor.

Correlation classes may be specified by the user to identify data dependencies. This
dependency is based on similar components (i.e., check valves) using the same data
that was derived from the same data source.

=} Uncertainty Distribution Log Normal
o LO0OE+MM
Correlation Clazs MOW-T1

If the same correlation class (ID) is assigned to two different basic events with different
inputs, SAPHIRE will give you an error message. What SAPHIRE is trying to do is
create one distribution to sample from for all basic events that use that correlation class
and if the inputs are different this won't work and therefore, the error message.

SAPHIRE assumes a 100% correlation between basic events with the same correlation
class.

9.3. Menus and Options for Performing Fault Tree
Uncertainty Analysis

- =
¢ Use the mouse to select a fault New fault ree
tree from the List Panel. ccs Containment Coo...
¢ Right-click to invoke the pop-up Edit Logic
menu and select View Edit Properties

Edit Post-processing Rules

Uncertainty. _ )
View Expanded Logic

The fault tree uncertainty screen will Selve
. . " View Summary Results
appear with the last calculated (if any) = =« (Maintred oo
Uncel’tainty results. Mew eventtree . Edit Cut Sets
+- LOSP Loss of View Importance Measures

View Uncertainty

Hide / Show »
Set Bookmark

Goto Bookmark

Delete
Find
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% Uncertainty for : ECS (FT) EI@
ECS - Emergency Cooling Sye{te_m

Calculation Parameters Uncertainty Results
Probability Density
Lt ' ' '
Number of Samples 5000 Sample Size 5000 :
FETITIRAEEE o Random# Seed 56537 LSS pon-
Events 14 L DE=1 |
Uncertainty Method EESAR Y O i i et S S
ncertainty Hetho Cutsets 28 : . . . . . . .
LrmliEEsreris Point Est. 2532602 | M5B - R e Si e pos=ses pe====q
CIATIREIE Mean Val. 2 530E-02 : : : : : :
S — LO0E+1 I~
Intermediate Walues Mone - 5th % Wal. 9.100E-03 ' : : : : :
Median Val, 2.149E-02 SE+1 - AL Gh R LR L L e P PEPECE PEPEE - -
95th % Val. 5.378E-02
0E+1 4
Win Sample Val.  2.843E-03 ! ! !
Max Sample Val.  2.101E-01 .0E+0 ' (SR
Standard Dev. 1.569E-02 \
- 1.0E+0
o Calculato Skewness 2.553E+00 1.0E2 20E-2 3.0E-2 40E-2 5.0E-2 6.0E-2 7.0E-2 B8.0E2 8.0E2
Kurtosis 1.7ME+01 Uncertainty Level
Cumulative Logarithmic % axis
‘@ Density Logarithmic X axis
Results Table x Close

Uncertainty Calculation Values and Results

¢ To (re)calculate the uncertainty values, enter the following options and press
Calculate.

¢ Input the Number of Samples. (A larger number of samples will provide
more accurate results but will require more computation time.)

¢ Enter a value for the random number generator seed or accept the default.
Enter zero to obtain a random seed from the system clock.

¢ Select one of the uncertainty method radio buttons, Monte Carlo or Latin
Hypercube.

OPTIONAL:

To save intermediate sample results to a disk file for review, select an output format
from the Intermediate Values combo box, and provide an output file name.
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‘ 10 ‘ FAULT TREE IMPORTANCE ANALYSIS

Section 10 describes the various fault tree importance measures available in SAPHIRE.
Also, the calculations behind the importance measures are discussed.

10.1. Fault Tree Importance Measures

Importance measures provide “reliability-worth” information about basic events
appearing in the cut sets for a fault tree.

Components showing high relative importance may be candidates for either (1) close
monitoring to ensure that the component does not degrade over time or (2) design
changes to increase the component reliability.

Ratio, Interval and Uncertainty importances are calculated for the highlighted fault tree
cut sets.

Ratio Importance — Fussell-Vesely Importance, Risk Reduction Ratio, and Risk
Increase Ratio.

Interval Importance — Birnbaum Importance, Risk Reduction Interval, Risk
Increase Interval.

Uncertainty Importance — This importance measure provides information about
the uncertainty of the component (i.e., those components that will contribute the
largest uncertainty to an uncertainty analysis of the selected fault tree cut sets).
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10.2. Definitions of the Importance Measures

Fussell-Vesely Importance (FV)

An indication of the fractional contribution of the basic event to the minimal cut set upper
bound. The equation for FV importance (of the i'th basic event) is

FVi = Fi(X)/F(X)

where:
F(x) is the original minimal cut set upper bound
Fi(x) is the minimal cut set upper bound with only the basic event of
interest.

Risk Reduction Ratio (RRR) or Risk Reduction Interval (RRI)

An indication of how much the minimal cut set upper bound would decrease if the basic
event probability were reduced (to a probability of 0.0. [i.e. never failed])

RRR = F(x)/F(0)
RRI = F(x) - F(0)

where:
F(x) is the original minimal cut set upper bound
F(0) is the minimal cut set upper bound with the event probability set equal
to 0.0.

(Note the similarity between RRI and FV; the relative importance ranking
of basic events will be the same for the two importance measures.)

Risk Increase Ratio (RIR) or Risk Increase Interval (RII)

An indication of how much the minimal cut set upper bound would increase if the basic
event probability were increased (to a probability of 1.0).

RIR (RAW) = F(1)/F(x)
RIl = F(1) - F(X)

where:
F(x) is the original minimal cut set upper bound
F(1) is the minimal cut set upper bound with the event probability set equal
to 1.0.
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Birnbaum Importance (B)

Indicates the sensitivity of the minimal cut set upper bound with respect to a change in
the basic event probability.

B = F(1) - F(0)

where:
F(1) is the minimal cut set upper bound with the event probability set equal
to 1.0.
F(0) is the minimal cut set upper bound with the event probability set equal
to 0.0.

Uncertainty Importance (Standard Deviation)

The uncertainty in each input parameter, as expressed through its probability
distribution, contributes to the uncertainty in the output parameter of interest (e.g., core
damage frequency, loss of mission). The uncertainty importance measure in SAPHIRE
guantifies the contribution of each individual basic event’'s uncertainty. SAPHIRE
calculates the uncertainty importance using birnbaum importance and standard
deviation as the appropriate approximation (see SAPHIRE Technical Reference
NUREG/CR-7039 Volume 2):

LR e
unc_api i~ unC(l)_ (l) 0(')

Some useful importance measures relationships:

. Birnbaum importance is equal to the sum of the RIl and RRI importances.
B = RIl + RRI
. Fussell-Vesely (FV) importance is equal to the product of the Birnbaum

importance and the event probability, divided by the minimal cut set upper bound.

FV = (B * X)/F(X)

. RRI importance is equal to the product of the Birnbaum importance and the
nominal basic event probability (RRI importance is sometimes referred to as the
inspection importance).
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RRI =B *x

. RII importance is equal to the product of the Birnbaum importance and the
complement of the basic event probability.

RII=B* (1 -x)

10.3. Importance Menus and Options

Edit Properties
Edit Post-processing Rules

. Highlight the fault tree in the List Panel; right click to View Expanded Logic
invoke the pop-up menu. Solve
View Summary Results
. Select View Importance Measures. View Cut Sets
Edit Cut Sets

View Importance Measures
View Uncertainty

Hide / Show

Set Bookmark

Viewing Importance Measures

Goto Bockmark

. The importance measures are now displayed. Delete
Find
wlmpor‘tance Measures - ECS (FT) EI@
PontEst [Fv AR [mAR [BB  [mi [RRi | unc(std. Dev)
Data Plot Report
Name Count Prob. Fv RIR RRR Birnbaum Rl RRI Uncertai.. Description
E-CKW-CC-A [ 1.000E-04 1.103E-04 2.065E+00 1.000E+00 270BE-02 2707E-02 2723E-06 6.684E-06 ECS Train ADischarge Check Valve Fails to Open
E-CKV-CC-B 4 1.000E-04 1.107E-05 1.108E+00 1.000E+00 2.730E-03 2730E-03 2733E-07 6.740E-07 ECS Train B Discharge Check Valve Fails to Open
E-MOV-CC-1 1 2.000E-04 7.B9BE-03 3.945E+01 1.008E+00 9S.745E-01 S.747E-01 1.850E-04 4.813E-04 ECS Suction Isolation Valve Fails to Open
E-MOV-CC-& ] 1.000E-03 1.103E-03 2Z.068E+00 1.001E+00 Z270BE-02 2705E-02 2.723E-05 6.685E-05 ECS TrainADischarge MOV Fails to Open
E-MOV-CC-B 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2730E-03 2.72BE-03 2733E-06 6.740E-06 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-4& [ 5.035E-04 5.559E-04 2.065E+00 1.001E+00 270BE-02 270SE-02 1.372E-05 1.729E-05 ECS Pump A Fails to Run
E-PMP-FR-B 4 5.035E-04 5.579E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1.377E-06 1.743E-06 ECS Pump B Fails to Run
E-PMP-FS-A -] 1.200E-03  1.324E-03 2.068E+00 1.001E+00 2708E-02 2704E-02 3.268E-05 82.021E-05 ECS PumpAFais to Start
E-PMP-F5-B 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2730E-03 2727E-03 3.279E-06 &.088E-06 ECS Pump B Fails fo Start
S-DGN-FR-4 1 Z1M3E-02  8.346E-01 3.949E+01 5917E+00 9.957E-01 9.747E-01 2.104E-02 1.585E-02 Diesel Generator AFails to Run
S-DGN-FR-B 4 2.113E-02  2.340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 577BE-05 4.373E-05 Diesel Generator B Fails to Run
S-DGN-F5-A 1 4.000E-03 1.580E-01 3.945E+01 1.183E+00 9.78BE-01 O.747E-01 3.914E-03 2.935E-03 Diesel Generator A Fails to Start
S-DGN-FS-B 4 4 000E-03 4.425E-04 1.107E+00 1.000E+00 2730E-03 2719%E-03 1.093E-05 B8188E-06 Diesel Generator B Fails to Start
S-TNK-FC-T1 1 2.400E-06 9.47BE-05 3.949E+01 1.000E+00 O.747E-01 O.747E-01 2339E-068 G5.775E-06 RWST Supply Fails
Check Al | |UnCheck All Sample I Publish I [ x Cloze ]

To sort by a column heading, click on the desired column heading. SAPHIRE then sorts
the results for the selected importance measure in a descending order.

To perform uncertainty analysis for the importance measures, click the Sample button,
enter the uncertainty sampling options, and press OK. The uncertainty details for each
importance type are then available on their respective tab pages.

Choose Check All or click individual check boxes to select events to view on the Plot
and Report tabs, which generate the report shown below (select Publish).

116



SAPHIRE 8 Basics

Idaho National Laboratory

95E-1
8.0E-1
B.5E-1
8.0E-1
75E-1
T.0E-1
6.5E-1
B.0E-1
5.5E-1
S5.0E-1
45E-1
4081
3561
3.061
25E-1
2081
1561
1.0E-1
5.0E-2

Importance Graph

-21E-16 +l— — —— .

5.0E-2 4= + + + + + + + + + T iy v u
i @ = ot o) 5 o o o i o o 0 =
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x 3 o o o = = = = o) o 7] 5 =
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R HTML Viewer L2 [
DEMO-MDL-BASICS Importance Measures - F-V New DEMO model for instructienal use (SAPHIRE Basics) B
112312014 2:25:12 PM
Data
Name Point Est. | Mean 5th 50th 95th Min Max Description
E-CKV-CC-A | 1.103E-4 | 1.142E-4 | 2.625E-6 | 2.971E-5 | 2.627E-4 | 5.117E-7 | 3.932E-3 | ECS Train A Discharge Check Valve Fails to Open
E-CKV-CC-B 1.107E-5 | 1.700E-5 | 1.091E-7 | 2.022E-6 | 3.475E-5 | 1.504E-8 | 1.145E-3 | ECS Train B Discharge Check Valve Fails to Open
E-MOV-CC-1 | 7.898E-3 | 9.826E-3 | 1.496E-4 | 2410E-3 | 2.293E-2 | 2.848E-5 | 2.367E-1 | ECS Suction Isolation Valve Fails to Open
E-MOV-CC-A | 1.103E-3 | 1.534E-3 | 2.528E-5 | 2.848E-4 | 2.720E-3 | 3.367E-6 | 2.443E-1 | ECS Train A Discharge MOV Fails to Open
E-MOV-CC-B | 1.107E-4 | 5488E-4 | 6.556E-7 | 1.860E-5 | 4.149E-4 | 8.415E-8 1.984E-1 | ECS Train B Discharge MOV Fails to Open
E-PMP-FR-A 5.559E-4 | 5911E-4 | 4966E-5 | 2.674E-4 | 1.281E-3 | 1465E-5 | 1.346E-2 | ECS Pump A Fails to Run
E-PMP-FR-B 5.579E-5 | 9.460E-5 | 1.562E-6 | 1.787E-5 | 2.088E-4 | 7.333E-8 | 6.475E-3 | ECSPump B Fails to Run
E-PMP-FS-A 1.324E-3 | 1.605E-3 | 3.199E-5 | 3470E-4 | 3.218E-3 | 2.141E-6 7.521E-2 | ECS Pump A Fails to Start
E-PMP-FS-B 1329E-4 | 4475E-4 | 8.691E-7 | 2.266E-5 | 5.701E-4 | 1.007E-7 | 4130E-2 @ ECS Pump B Fails to Start
S-DGN-FR-A | 8.346E-1 | 7.973E-1 | 4.448E-1 | 7.957E-1 | 9.423E-1 | 2.032E-1 | 9.888E-1 | Diesel Generator A Fails to Run
S-DGN-FR-B 2.340E-3 | 2.199E-3 | 3.027E-4 | 1.212E-3 | 4.438E-3 | 1.391E-4 | 3.693E-2 | Diesel Generator B Fails to Run
S-DGN-FS-A | 1.580E-1 | 1.922E-1 | 2.786E-2 | 1.306E-1 # 3.679E-1 | 7.185E-3 7.757E-1 Diesel Generator A Fails to Start
S-DGN-FS-B 4429E-4 | 5.377E-4 | 3.506E-5 | 2.145E-4 | 1.146E-3 | 9.246E-6 | 1.265E-2  Diesel Generator B Fails to Start
S-TNK-FC-T1 | 9478E-5 | 1.233E-4 1.835E-6 | 2.898E-5 @ 2.721E-4 | 2.980E-7 | 5.221E-3 | RWST Supply Fails
Graph

m
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| 11 ‘ Linking Event Tree Sequences

Section 11 describes SAPHIRE event tree linking and process required to link event
tree sequences.

11.1.Linking Event Trees

"Linking" event trees is the process of generating sequence logic using the event

tree graphical file.

| LOSP | ECS | cCS | SEQ.# |
1

2

3

Tree Seq.# Logic

LOSP 2 ECS ICCS
LOSP 3 ECS CCs

Linking the event tree can be accomplished two ways:

¢

The sequences are generated
automatically after the event tree
is saved

Manually linking by highlighting
the event tree(s) in the List Panel,
right-click mouse and select Link
option

¢ Check the appropriate boxes
and select the OK button.
SAPHIRE will then generate
all accident sequences based
on the event tree logic.

g A
Mew eventtres ..

Edit Logic

Edit Properties

Edit Linkage Rules

Edit Post-processing Rules
Edit Partition Rules

Link

Solve

View Summary Results
View Cut Sets

Edit Cut Sets

View Importance Measures

View Uncertainty

Hide / Show
Set Bookmark
Goto Bookmark

Delete
UnLink
Find
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Q Event Tree Link Parareters EI@
Sequence Probability Cut Off  Mone -
Create Logic Cut Sets? Mutually Exclusive Top
Limit Transfers? Transfer Levels to Process
Create Report? | v 0K | . X cancel |

Sequence Probability Cut Off

None
Generate sequence logic. This option is used for traditional event tree linking.
Normal (Use Split Fraction)

Generate sequence cut sets using the top events as split fractions. The sequence
cut sets will be truncated based upon the cut off value specified. This truncation
value will be used to truncate sequences where the value, including initiating event,
is smaller than the specified value.

Conditional (Split Fraction/IE Frequency)

Generate sequence cut sets using the top events as split fractions. The sequence
cut sets will be truncated based upon the cut off value specified. This truncation
value will be used to truncate sequences where the value, based solely on the split
fraction values, are smaller than the specified value.

Process Options

Create Logic Cut Sets

Will create a single cut set for the sequences if check box is checked. This cut set
contains basic events representing each top event in the sequence. If not checked,
then SAPHIRE will use the fault trees to generate cut sets (the traditional
approach).

Limit Transfers? (Transfer Levels to Process)

A level is a transfer to another event tree (subtree). The default (99) will generate
sequences for all subtrees. If the level is specified as less than 99, only that
number of subtrees will be processed.
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Mutually Exclusive Top Name

Generally left blank. This allows you to specify a top event (associated with a fault
tree) that will be added to each sequence as a success event. The top will appear
in the logic as a complemented system and will be treated accordingly when the
sequence is solved. This method has been superseded by the link rules option.

Create Report?

This option will create a report displaying the sequence logic. Any substitutions will
be displayed along with assigned flag sets and the resultant end state.

% Event Tree Linking Results EI@
Meszage Event Tree Sequence Action Top Top Top Top End State Flag Set Phaze Description
Event Tree Name: LOSP 3 ECS cCcs LARGE-RELEASE PHASE_1

2 ECS ICCS SMALL-RELEASE PHASE_1
Saved Seguences: 2.
TOTALS = Saved Sequen...
2015001621 Page # 15:48:28
WModel Rev. 0.0 2008/01/02
Elapsed Time:  00:00:00.028

11.2. Unlinking Event Trees

The Unlink option quickly and easily removes the sequences. Linking can be re-
accomplished at any time.

= A
Unlinking is performed by Mew eventtree .. i
. ) P
invoking the pop-up menu by Editp,fpemes
highlighting the event trees e
desired and right clicking, then Edit Post-processing Rules
. . . Edit Partition Rules
selecting the Unlink option. -
Solve
View Summary Results
View Cut Sets
Edit Cut Sets
View Importance Measures
View Uncertainty 3
Hide / Show 3

Set Bookmark
Goto Bookmark

Delete
UnLink
Find
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Notes
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| 12 ‘ Generating Event Tree Cut Sets

Section 12 describes how to generate event tree cut sets. Model preparation prior to
generating cut sets is discussed, and the various analysis and truncation options are
described. Cut set display features are also presented.

12.1. Prerequisites for Generating Event Tree Cut Sets

¢ Event tree logic was created by using the event tree graphical editor and saved.
¢ Event tree logic was “linked” (automatically performed when saved).

¢ Fault tree logic associated with the event tree logic was created using the fault
tree editor and saved.

¢ Basic event data was added through using the Edit Basic Event form accessible
through the Basic Events List Panel.

Note: Fault tree cut sets do not need to be generated prior to generating event
tree sequence cut sets.

12.2. Menus and Options for Event Tree Cut Set

Generation
| ‘R SAPHIRE [project: "DEMO-MDL-BASICS - New DEMO meodel for instructional use (SAPHIRE Basics)”
. Highlight one or more event trees R e oo e
i i 7“6‘ - Standard ~ | ¥
and/or sequences in the List Panel =2l S
using the mouse.
Edit Logic
) . . Edit Properties
. Right click to invoke the pop-up
menu and select the Solve option. Caitpatiion Rulee

View Importance Measures
View Uncertainty >

Hide / Show >
Set Boockmark

Goto Bookmark

Delete

UnLink

Find
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12.2.1. Cut Set Generation Cutoff Values

Enter the desired truncation parameters and solution steps, and choose the Solve
button to begin generating cut sets.

124

4% Solve Cut Sets for LOSP (ET) = = =

Settings | Results
Cut Set Truncation Options Sohve For Model Types

By Probability | Normal - 1.000E-13
—_— Model Tvpes
By Size Mone - =[] RANDOM

PHASE _1

Sohlve using Flag Set

Threads to use on solve 1

Quantification Method

* Min Cut Upper Bound -

Solution Steps
W | Soblve for Cut Sets

Apphy Post-processing Rules
W' | Update / Quantify Cut Sets
W | Quantify Cut Sets
Clear Cut Set Partitions
Apphy Partition Rules

Copy Cut Sets to Nominal Case

Clear Current Case

| ‘/ Solve | | xgluse |

Cut Set Truncation — From this combo box, choose one of the following options:
None — No truncation will be performed.

Normal — uses the initiating event frequency in determining the cut off
truncation value. This is the standard truncation option.

Conditional — ignores the initiating event value (i.e., assumes it is 1.0)
thereby providing a conditional cutoff value (conditional upon the initiating
event occurring).

Size Truncation — From this combo box, choose one of the following options:

Size — Cut sets having more than specified in the adjacent text box will be
discarded.

Zone — Cut sets having more Zone Flagged Events than specified in the
adjacent text box will not be retained.

None — The number of events in a cut set will not affect whether the cut
set is retained or discarded.
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12.2.2. Solution Steps, Current and Nominal Case

The Solution Steps area of the Solve Cut Sets form includes options for rules
application, cut set solving and Nominal Case update and/or Current Case
clearing. Check one or more of the following boxes to indicate which steps
should be performed. Options not available (i.e. no post-processing rules have
been set up) will be grayed out. The steps will be performed in their logic order
from top to bottom.

Solve for Cut Sets — If you check box, sequence logic will be solved for minimal
cut sets using the truncation options specified.

Auto Post-processing Rules — If you check box, any post-processing rules
associated with the sequence(s) will automatically be applied after the
sequence(s) cut sets have been generated. Generally, this box will be checked
in parallel with Solve for Cut Sets.

Update / Quantify Cut Sets — When this box is checked, cut sets will be
requantified using the truncation options specified. This option is useful for
eliminating non-minimal cut sets introduced when recovery rules have been
applied, or to quickly requantify the cut sets when basic event data have been
altered.

Quantify Cut Sets — When this box is checked, cut sets will be requantified
using the truncation options specified.

Clear Cut Set Partitions — This option provides a mechanism to remove end
states from individual cut sets group that were previously assigned with Apply
Partition Rules. This option is not necessary when Solve for Cut Sets has been
checked, or for level 1 analysis.

Apply Partition Rules — This option provides a mechanism to group sequence
cut sets into user specified end states based upon partition rules.

Copy Cut Sets to Nominal Case — When checked, this option will update the

nominal case with the soon to be solved cut sets. The nominal case is the
standard results for the model that current case analyses are compared to.
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Clear Current Case — When this box is checked, all data is cleared from the
current case and the cut sets are eliminated.

12.2.3. Displaying Event Tree Cut Set Results

Edit Logic
Edit Properties
. I—!lghl!ght the.event tree(s) or sequence(s) that you want to .
view in the List Panel. Edit Post-processing Rules
Edit Partition Rules
. . . Link
. Right-click to invoke the pop-up menu and select the Salve

View Cut Sets option.

View Summary Results
View Cut Sets

Edit Cut Sets

View Importance Measures

View Uncertainty

Hide / Show
Set Bookmark

Goto Bookmark

Delete
UnLink
Find

Once View Cut Sets is selected, as in the previous section, combined cut sets for the
selected event tree sequences and minimal cut set upper bound approximation of their
frequency are displayed.

To view the basic events in a cut set, click the # button for the cut set, or click the
Expand All Button to view the basic events for all cut sets at once. The basic events,
their failure probabilities and descriptions are now displayed.
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%% Cut Sets for LOSP (ET Cut Sets)
Model Type: RANDOM
[ Expand Al |
Original
# Cases Prob/Freq
5 988E-2
1 C 4 861E-2
+ 2 C 9.200E-3
+ 3 C 1.027E-3
- 4 C 4 600E4
2.300E+0
2 000E-4
+ & C 1.944E-4
- B C 1.944E4
T C 5.833E-5
+ 8 C 5.833E-5
+ 9 C 4 861E-5
# 10 C 4 861E-5
+ 1 C 3.680E-5
+ 12 C 2 449E-5
# 13 C 2 449E-5
+ 14 C 1.104E-5
#+ 158 C 1.104E-5
Show End States : (@) Mo
Slice Invert

Total %
100
81.17
15.36
172
0.77

0.32
0.32
0.10
0.10
0.08
0.08
0.06
0.04
0.04
0.02
0.02

Partition defined

Cut Sets

Displaying 238 Cut Sets. (238 Original)

LOSP.S-DGN-FR-A
LOSP.S-DGN-FS-A
LOSP.S-DGN-FR-A,S-DGN-FR-B
LOSP -2

LOSP

E-MOV-CC-1
LOSP.S-DGN-FR-B.S-DGN-FS-A
LOSP.S-DGN-FR-A,5-DGN-FS-B
LOSP.C-PMP-FS-B.S-DGN-FR-A
LOSP.E-PMP-FS-A S-DGMN-FR-B
LOSP.C-MOV-CC-B,5-DGN-FR-A
LOSP.E-MOV-CC-A,S-DGN-FR-B
LOSP.S-DGN-FS-A,S-DGN-FS-B
LOSP.C-PMP-FR-B.5-DGN-FR-A
LOSP.E-PMP-FR-A S-DGN-FR-B
LOSP.C-PMP-FS-B.S-DGN-FS-A
LOSP.E-PMP-F5-A 5-DGN-F3-B

Sequence

Explore Crigin

= =R

Project: DEMO-MDL-BASICS - New DEMO madel for instructional use (SAPHIRE Basics) Current Case hd
Project Folder: (C\Saphire 8-PRE\IDEMO PROJECTS\demo-madelt

[ showMT || Show Phase |

m| s

Loss of Offsite Power
ECS Suction Isolation Valve Fails to Open

| Publish | |Saveb3End Stahe| [ x Close l

The Publish button from the cut set screen allows you to print a cut set report.

The Save to End State button allows you to store the list of cut sets in a user-defined

end state.

The Slice button allows you to filter the list of cut sets based upon user-specified criteria

(refer to Section 15).

The Invert button allows you to view the inverse of the sliced cut sets.

The Explore Origin button will parse the cut sets up into their original events and then
rank them based on dominant contributors (more information about this option will be

discussed in the Advanced SAPHIRE [manual] course).

The Show End States radio buttons add the Partition defined mapped end states for
multiple level phased analyses and show the end states of the Sequence for single

phase models.
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12.3. Additional Event Tree Sequence Cut Sets
Analysis Features

In complex PRA models, it may be necessary to use special features prior to cut set
generation and/or after cut set generation. These features are addressed in the
Advanced SAPHIRE course.

Prior to event tree sequence cut set generation:

. Flag Sets may be used to set House events or Process Flags on a sequence-by-
sequence basis.

After event tree sequence cut set generation:

. Recover Cut Sets can be used as a rule-based automated way to add "recovery
events" to the cut sets. These rules are a mechanism of post-processing the cut
set list.
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| 13 ‘ Sequence Uncertainty Analysis

Section 13 describes uncertainty analysis for event tree sequences. The concept of
performing uncertainty analysis via Monte Carlo or Latin Hypercube sampling is the
same as discussed in the section on Fault Tree Uncertainty Analysis.

Uncertainty analysis calculates the variability of the sequence frequency resulting from
uncertainties in the basic event probabilities and the initiating event frequency.
SAPHIRE provides two uncertainty analysis techniques:

. Simple Monte Carlo sampling

. Latin Hypercube sampling

13.1. Menus and Options for Performing Sequence
Uncertainty Analysis

. Highlight the desired event tree(s) or Edit Logic

sequence(s) from the List Panel. Edit Properties

Edit Linkage Rules

Edit Post-processing Rules
Edit Partition Rules

. Right click to invoke the pop-up

menu and select View Uncertainty. Lk
Solve
. If more than one event tree or View Summary Results
sequence was selected, choose from e
the Group By Event Tree(s), View Importance Measures
Group, or Single Sequence(s) Yo Trcereny g zs oy Eren et
submenu option to specify whether S:BS:mwk "I Single sequencets
the marked event trees/sequences Goto Bookmark
are to be calculated individually (one Delete
at a time), or as one or more groups. e
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The event tree/sequence uncertainty screen will appear with the last calculated
(if any) uncertainty results graphed. If a single sequence or group was selected,
a column of result values will also be displayed (shown below).

% Uncertainty for : Project
ijeci

Calculation Parameters

Number of Samples 5000 Sampie Size
Random # Seed 0 Random # Seed
_ Events

Uncertainty Method Cutsets
~) Latin Hypercube Point Est.
@) Monte Carlo Mean Val.
Intermediate Valies  |CSV Format v Sth % Val.
Median “al.
95th % Val.
Min Sample Val.
Max Sample Val.
Standard Dew.
Skewness
Kurtosis

Results Table

Uncertainty Results

5000
48247

34

238
5.988E-02
5.781E-02
1.547E-03
1.913E-02
2.150E-01
1.250E-04
4 2T0E+00
1.580E-01
1.165E+01
2 1TE+02

Cumulative Distribution

==

t
2.0E-1

@ Cumulative
) Density

t
4.0E-1
Probability Frequency

[7] Logarithmic ¥ axis
[7] Logarithmic X axis

t
6.0E-1 &.0E-1

X Ciose

¢
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If Single Sequence(s) or multiple Group By Event Tree(s) was selected, a
whisker plot summarizing each item will be displayed (shown below). In the case
of the DEMO model, the Single Sequence(s) option will show:

Q Uncertainty for : Sequence Group
Multiple Sequerices _

Calculation Parameters
Number of Samples S000

Random # Seed 12345

Uncertainty Method
_ Latin Hypercube

@) Monte Carlo

Intermediate Values

None -

" Calculate

Results Table

22E-1
2.0E-1 4
1.8E-1
1.6E-1
1.4E-1
1.2E-1
1.0E-1
8 0E-2
6.0E-2
4.0E-2

ZO0E-2H----

2AE-1T

= e

Uncertainty Graph

____________________________________

____________________________________

____________________________________

LOSP:2

[ Logarithmic " axis

x Close
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13.2. Uncertainty Calculation Values

To (re)calculate the uncertainty values, enter the following options and press the
Calculate button.

Number of Samples — Input the number of samples. (A larger number of
samples will provide more accurate results but will require more time).

Random # Seed — Enter a value for the random number generator seed or
accept the default. Enter zero to obtain a random seed from the system clock.

Uncertainty Method — Specify Monte Carlo or Latin Hypercube.

13.3. Uncertainty Results

. Press the Results Table button to view individual results (if calculated) and

collective results in a tabular format.

w Summary Results for Group (ET)

(S B B = |
Froject: DEMO-MDL-BASICS - New DEMO model for instructional use ( SAPHIRE Basics)
Project Folder: C:\Saphire 8-PRE\DEMO PROJECT S\demo-model
Tn Default Columns Set Load Data Source Current Case -
X RANDOM
General .
7| Descrigtion 7] # of Cut Sets e liasly
/| Point Estimate /| Truncation Level /| Mean 5th Std. Dev.
B oy 7] Median 95th Skewness
Phase PHASE_1 - V| End Phase Default Flag Set
Quant. Method Solve Method Seed #Samples Kurtosis
Name Point Estim... | End State End Phase Cut Set Count | Mean Median Prob. Trunc... | Description
= Total 5.889E-02 238 0.000E+00 0.000E+00 0.000E+00
=l PHASE_1 Phaze Total (1 Ev. Trees) 5.920E-02 238 0.000E+00 0.000E+00 0.000E+00
=I- LOSP (2 Segs.) 5.989E-02 238 0.000E+00 0.000E+00 0.000E+00
LOSP:2 5.808E-02 SMALL-RELEASE PHASE_1 19 5.715E-02 1.804E-02 1.000E-13
LOSP3 1.805E-03 LARGE-RELEASE PHASE_1 219 1.976E-03 4 669E-04 1.000E-13
Expand All Pubiish X Cloze

Uncertainty results (including graph) for each sequence when calculated
individually can be also be viewed without having to recalculate:

. Highlight the single sequence in the List Panel.

. Right-click to invoke the pop-up menu and select the View Uncertainty

option.
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. The individual sequence uncertainty previously calculated will be
displayed and graphed.

Note:
GROUP uncertainty results are displayed only on the screen (as shown earlier
in this section), and are not saved for later display.

Notes
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| 14 ‘ Sequence Importance Analysis

Section 14 describes viewing importance measures for event tree sequences. A
discussion of each type of importance measure is provided in Section 10 on Fault Tree
Importance Analysis.

. Highlight the desired event tree(s) or sequence(s) from the List Panel.
. Right click to invoke the pop-up menu and select View Importance Measures.
. If more than one event tree or sequence was selected, the importance measures

will be performed on the group automatically.

. To sort, click on the desired column heading. SAPHIRE then sorts the results for
the selected importance measure in a descending order

%% Importance Measures - LOSP (ET) EI@

PontEst [Fv [RR [RRR [BB [RI[RRI [ unc(std Dev)

Data Plot Report

Name Count Prob. Fv RIR RRR Birnbaum Rl RRI Uncertainty Description

D C-CEV-CC-A 24 1.000E-04 2225E-09 1.000E+.. 1.000E+.. 1.296E-06 1.296E-06 1.296E-10 3.20ME-10 CCS Train A Discharge Check Valve Fails ...
D C-CKV-CC-B 26 1.000E-04 9861E-05 1.938E+. 1.000E+.. G5612E-02 S5611E-02 5630E-06 1.385E-05 CCS Train B Discharge Check Valve Fails ...
D C-MOWV-CC-1 19 2.000E-04 1.948E-04 1.945E+.. 1.000E+.. 5657E-02 G5655E-02 1.135E-05 2793E-05 CCS Suction Isolation Valve Fails to Open
D C-MOWV-CC-A 55 1.000E-03 2.240E-08 1.000E+.. 1.000E+.. 1.305E-06 1.304E-06 1.305E-09 3.222E-09 CCS Train A Discharge MOV Fails to Open
D C-MOV-CC-B 57 1.000E-03 9.661E-04 1.837E+. 1.001E+.. G5612E-02 5606E-02 5631E-05 1.385E-04 CCS Train B Discharge MOV Fails to Open
C-PMP-FR-A 43 5.039E-04 1.127E-08 1.000E+.. 1.000E+.. 1.304E-06 1.303E-06 6.589E-10 8.323E-10 CCS Pump A Fails to Run

C-PMP-FR-B 45 5.039E-04 4.858E-04 1.937E+. 1.000E+.. 5612E-02 G5609E-02 2837E-05 3.582E-05 CCSPump B Fais to Run

C-PRP-F3-A 55 1.200E-03 2687E-08 1.000E+.. 1.000E+. 1.305E-06 1.304E-06 1.586E-09 3.B67E-08 CCS PumpAFails to Start

C-PMP-F5-B 57 1.200E-03 1.15%E-03 1.837E+.. 1.001E+.. 5612E-02 5605E-02 6.757E-05 1.662E-04 CCS Pump B Fails to Start

[ e-crv-cc-a 30 1.000E-04 1.074E-04 2.040E+.. 1.000E+.. 6.223E-02 6.223E-02 6.259E-06 1.536E-05 ECS Train A Discharge Check Valve Fails ...
I:‘ E-CKW-CC-B 28 1.000E-04 1.078E-05 1.105E+.. 1.000E+.. 6.27FE-03 6.276E-03 6.282E-07 1.548E-06 ECS Train B Discharge Check Valve Fails ...
D E-MOV-CC-1 20 2.000E-04 7.882E-03 3.844E+.. 1.008E+. 2241E+.. 2240E+. 4595E-04 1.106E-03 ECS Suction Isolation Valve Fails to Open
D E-MOV-CC-A 61 1.000E-03 1.074E-03 2.038E+. 1.001E+.. 6.223E-02 6217E-02 6.258E-05 1.536E-04 ECS Train A Discharge MOV Fails to Open
D E-MOV-CC-B 59 1.000E-03 1.078E-04 1.105E+.. 1.000E+.. 6.27FE-03 6.270E-03 6.282E-06 1.550E-05 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-A 45 5.039E-04 541ME-04 2.040E+. 1.00ME+.. 6.223E-02 6.220E-02 3.154E-05 3.973E-05 ECS Pump A Fails to Run

E-PMP-FR-B 47 5.039E-04 5.431E-05 1.105E+.. 1.000E+.. 6.277E-03 6.273E-03 3.166E-06 4.007E-06 ECS Pump B Fails to Run

E-PMP-F5-A 61 1.200E-03 1.289E-03 2.035E+. 1.001E+.. 6.224E-02 6.216E-02 7.510E-05 1.844E-04 ECS Pump A Fails to Start

E-PMP-F5-B 59 1.200E-03 1.204E-04 1.105E+.. 1.000E+.. 6.277E-03 6.2689E-03 7.5389E-06 1.B58E-05 ECS Pump B Fails to Start

[ Lose 238 2.300E+.. 1.000E+.. 4348E-01 1.8900E+.. 2802E-02 -3.382E.. 55984E-02 1477E-01 Loss of Offsite Power

[ sDGN-FR-A 8 2113E-02 B347E-01 3.344E+.. S5917E+. 232090E+.. 2240E+.. 49573E-02 3867E-02 Diesel Generator A Fails to Run

[l s-DGN-FR-B T 21M3E-02 2285E-02 2.026E+. 1.023E+.. B2T0E-02 6.137E-02 1.333E-03 1.004E-03 Diesel Generator B Fails to Run

[ sDGN-Fs-A 8 4000E-03 1.581E-01 3.844E+.. 1.183E+.. 2240E+.. 2240E+.. 9250E-03 6.746E-03 Diesel Generator A Fails to Start

I:‘ S-DGN-FS-B i 4.000E-03 4325E-03 2.043E+.. 1.004E+. GB.267E-02 6242E-02 2522E-04 1.880E-04 DieselGenerator B Fails to Start

D S-TMK-FC-T1 1 2.400E-06 9.225E-05 3.844E+.. 1.000E+.. 2.240E+.. 2240E+.. S5.37BE-08 1.327E-05 RWST Supply Fails

| [Xeer]
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. Check the boxes of the events interested in and click the Plot button underneath
the top row of tabs to see a graphical representation of the importance measure
based performing an uncertainty evaluation.

% Importance Measures - LOSP (ET) EI@

|Pointest | v [RR [RRR [BB [RI  [RRI [ unc(std.Dev)

Drata Plot Report

Importance Graph

e
3.06-3 |
28E-3%-+
2663 -4
2434 -4
2263 4
20E-34-4
18634 -
1663 -+
1.4E-3 |
12634 -4
1.0E34--
B0E4§--
6.0E-4 |
40E-4%-4
20E4)-4
BAE-19 |-

C-PMP-FR-&
C-PMP-FR-B
C-PMP-F5-A
C-PMP-F5-B -
E-PMP-FR-&
E-PMP-FR-B
E-PMP-F5-A
E-PMP-F5-B

[ Logarithmic Axis ’ Publizh ] [ xgluse]

. An html view report that combines the tabular and graphical results can be
generated by clicking on the Report button.

. Clicking on the Publish button allows creation of html, pdf, rtf, comma delimited
or xIs format reports.
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& HTML Viewer

= o<

Data

Name

Graph

-8 1E-18 4

C-PMP-FR-A
C-PMP-FR-B
C-PMP-FS5-A
C-PMP-FS-B
E-PMP-FR-A
E-PMP-FR-B
E-PMP-F5-A
E-PMP-F5-B

112372014 2:51:42 PM

Point Est.
1.127E-8
4 368E-4
2.687E-8
1.159E-3
5.411E-4
5.431E-5
1.289E-3
1.294E-4

Mean

2.391E-8
4 336E-4
2.596E-7
1.128E-3
5.748E-4
9.123E-5
1.554E-3
4 265E-4

5th

4 095E-11
4 415E-5
3.689E-11
2.795E-5
5.024E-5
1.333E-6
2.979E-5
8.944E-7

DEMO-MDL-EASICS Importance Measures - F-V

50th

1.407E-9
2.351E-4
1.736E-9
3.043E-4
2.590E-4
1.787E-5
3.389E-4
2.207E-5

95th

3.781E-8
1.039E-3
1.004E-7
2.599E-3
1.234E-3
1.992E-4
3.152E-3
53.707E-4

Importance Graph

New DEMO model for instructional use (SAPHIRE

Min

3.734E-12 | 2.885E-6 | CCSPump A Fails to Run

1.174E-5

9.276E-13 | 1.771E-4 | CCS5Pump A Fails to Start

3.472E-6
1.293E-5
1.188E-7
3.543E-6
5.194E-8

Basics)

Max Description
8.179E-3 | CCSPump B Fails t0 Run

3.900E-2 | CCSPump B Fails to Start
1.359E-2 | ECS Pump A Fails to Run
5.417E-3 | ECS Pump B Fails to Run
1.012E-1 | ECS Pump A Fails to Start
6.243E-2 | ECS Pump B Fails to Start

m

C-PMP-FR-A -

C-PMP-FR-B} -

C-PMP-FS.2-

C-PMPFSE -

E-PMP-FR.A -

E-PMP-FR-B {

E-PMP-FS-a{ -2
E-PMP-FSE -
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| 15 | viewinG cuT sETS

Section 15 describes the cut set display feature that allows you to “slice” cut sets into
different lists based on user-defined sort criteria. The sliced lists may then be viewed,
reported, or saved to an end state. The cut set slicing features is available for fault tree,

sequence, or end state cut sets.

- Cut Sets for ECS (FT CutSets)

(RN

DG-B E-MOW-A
DG-B,E-FUMP-A
DG-B E-CW-A

Ao, Ay he My by

Prq'et':l: i EiEh.ﬁCi - Demonstration Sample Family
Fl'pjgchDl'I’Br.‘ CASaphire2\Demol
Model il':ypje: " RANDOM

# Prob/Freq | Total % Cut Sets

2.12E-2 100 Displaying 15 of 15 Cut Sets.

+e 1 2.00E-2 943 DG-A 1.00EA 047
+ g 1.00E-3 472 E-hADh-1 6.00E5 098
: i —— ‘ 200E6  0.01
#- 5 2.50E5 012 E-MOW-A E-
+ B 1.50ES5 E-mMO-B E- hP- 2
% 7 150E5 fPUNMP-B
+- B 9.00EH E-PUMP-B
+ 9
+ 10 5.00E7 < 0.01 E-CW-B E-MOW-A4
+ 11 5.00E-7 < 0.01 E-CY-A E-MOW-B
+ 12 3.00E7 < 0.01 E-CW-B E-PLMP-A,
+ 13 3.00ET7 < 0.01 E-Cv-A E-PUMP-B
+ 14 1.00ETF < 0.01 TAMNK
+ 15  1.00ES8 < 0.01 E-CW-A E-CW-B
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The view cut sets option is available in the Fault Tree, Sequence, and End State list

menus.

Highlight the desired fault tree, event tree (or
individual sequences), or end states, right
click and select the View Cut Sets option.

Mew eventtree ..
= LOSP
2

ECS, ICCS

As an example, view the cut sets for LOSP
sequence 3. It is assumed that cut sets have
already been solved (truncation of 1.0E-15).

c

Mew change set ..
From the LOSP sequence 3 cut sets, the

minimal cut set upper bound approximation

frequency is seen as 1.81E-3 and there are a
total of 313 cut sets.

- “
Mzin Trees - [

Loss of Offsite Power

Edit Properties
Solve

View Summary Results
View Cut Sets

Edit Cut Sets

View Importance Measures

View Uncertainty

Hide / Show 3
Set Bookmark

Goto Bookmark

UnLink
Find

%% Cut Sets for LOSP-3 (ET Cut Sets) ==
Project:  DEWO-MDL-BASICS - New DEMO model for instructional use (SAPHIRE Basics) Current Case -
Project Folder: C:\3aphire 8-PRE\DEMO PROJECTS\demo-madell
Model Type:  RANDOM . g
- - " > - .
[ showmT || Show Phase |
Original
# Cases Prob/Freq | Total % Cut Sets
1.805E-3 100 Displaying 313 Cut Sets. (313 Original) -~

w1 C 1.027E-3  56.90 LOSP.S-DGN-FR-A,S-DGN-FR-B El
w2 C 1.944E-4  10.77 LOSP.S-DGN-FR-B.S-DGMN-FS-A _
%+ 3 C 1.944E-4  10.77 LOSP.S-DGN-FR-A.S-DGN-FS-B

w4 C 5.833E5 323 LOSP.C-PMP-FS-B.S5-DGN-FR-A

w5 C 5.833E5 323 LOSP.E-PMP-FS-A,S-DGN-FR-B

+ 6 C 4861E-5  2.69 LOSP.C-MOV-CC-B.S-DGN-FR-A

4 7 C 4.861E-5  2.69 LOSP.E-MOV-CC-A,5-DGN-FR-B

+- 8 C 3.680E-5 2.04 LOSP.S-DGMN-F5-A 5-DGN-F5-B

+ 9 C 2.449E-5 1.36 LOSP.C-PMP-FR-B,3-DGN-FR-A

4 10 C 2449E6  1.36 LOSP.E-PMP-FR-A,S-DGN-FR-B

“+ 1 C 1.104E-5  0.61 LOSP.C-PMP-FS-B,S-DGN-FS-A

. 12 C 1.104E-5  0.61 LOSP.E-PMP-FS-A,S-DGN-FS-B

% 13 C 9.721E6 054 LOSP.C-MOV-CC-1.8-DGM-FR-A

- 14 C 9.721E6 054 LOSP.E-MOV-CC-1,S-DGN-FR-B

w15 C 9.200E-6  0.51 LOSP.C-MOV-CC-B.S-DGN-FS-A

+ 16 C 9.200E-6  0.51 LOSP.E-MOV-CC-A.5-DGN-FS-B

w17 C 5.520E-6  0.31 LOSP.S-TNK-FC-T1

+- 18 C 4 B61E-6 0.27 LOSP.C-CKV-CC-B,5-DGN-FR-A

+- 19 C 4_861E-6 0.27 LOSP.E-CKV-CC-A 5-DGN-FR-B

5 20 C 4636E-6  0.26 LOSP.C-PMP-FR-B,S-DGN-FS-A i

Show End States : @) No () Partition defined () Seguence

[ Publish ] ’SavetoEnd Siahe] [ XK Close ]
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Options are available by choosing a radio button at the bottom of the page to display cut
set end states with partition definitions or to show the end state at the end of the
sequence.

. One or more sequences or end states can be highlighted simultaneously to
display their respective cut sets (as a group), only a single fault tree can be
selected to display its cut sets.

. If multiple sequences or end states are selected, all the cut sets from the
highlighted sequences or end states will be grouped together and displayed
(remember sequences are mutually exclusive and success terms are not
accounted for; therefore, the some cut sets may appear as being non-minimal
when in fact they are not).

15.1.1. The Event Slice Option

The event slice option is used to subdivide the cut sets into two lists. This option allows
you to specify individual or combinations of desired basic events to appear in the
“included in slice” list of cut sets.

With the LOSP sequence 3 cut sets displayed, select at the bottom of the cut set
display window. A Slice Cut Sets window will be displayed. Select the Events radio
button at the top of this form and a list of the basic events will display. Utilize the
selection processes discussed below to set up the slice and then click on OK to perform
the slice.

% Slice Cut Sets 7 o[- |
4 Slice By
Cutoff (@ Events Attributes

Slice By Events
View Events From Criginal Cut Sets -

And @ Or Ewents Fublish
Events Description Indude Type

[ C-CKV-CC-A CCS Train A Discharge Chedk Va... -

[ CCkv-CCB CCS Train B Discharge Chedk Val...

[ CMov-CC-1 CCS Suction Isolation Valve Fails. .. E

[ Cc-Mov-CC-A CCS Train A Discharge MOV Fail...

[ cMov-CCE CCS Train B Discharge MOV Fails. ..

[ C-PMP-FR-A CCS Pump A Fails to Run

[ C-PMP-FR-B CCS Pump B Fails to Run

[ C-PMP-FS-A CCS Pump A Fails to Start

[ CPMP-FS-B CCS Pump B Fails to Start

[ E-CEW-CC-A ECS Train A Discharge Chedk Val... -
i T 2
Search Criteria Ewent Property

Mormal * [ Mark Events |

| Clear all | | Mark all | [ J 0K ] | x Cancel |
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15.1.1.1. Selecting Events

The Slice Cut Sets editor provides several ways to select events for slicing.

The cut sets displayed for selection are controlled by the View Events

From drop-down menu.

¢ Original Cut Sets — This is the default setting and displays just the
events from the original solved cut sets for the fault tree, sequence or
end state that is being viewed.

¢ Project — Includes all the events in the project.

¢ Current Slice — Shows the events that are part of the currently viewed
slice.

Individual events can be selected from the list of basic events by clicking
on the checkbox of those of interest which enters a check in the box next
to the event.

Batch selection of events is accomplished by using an expression in the
textbox Regular Expression then clicking to place
checkmarks in the checkboxes of the applicable events. Use an asterisk
“*” for wildcard searches.

¢ *PMP would place a checkbox in all of the events with PMP in them

¢ E-* would place a check in all checkboxes of events that start with “E-*

Use the buttons L= #] and [kl ] 45 necessary.

15.1.1.2. Include Type

Once the events are selected, Include Type (column) chooses how to include the
events. This is selected in the Event Property drop-down menu (or by selecting
the test box in the Include Type column).

¢

Normal — This is the default selection and will include cut sets where the
event exists in any manner, failed or complemented.

Failure — This includes cut set paths where the basic event is failed,
which is the typical logic in SAPHIRE.

Success — This includes only the cut sets where the basic event is in its
complemented state, which typically is a success state in SAPHIRE.

NOT — This includes the cut set paths where the basic event selected
does not exist in any manner.
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15.1.1.3. Logic Options

. OR or AND criteria must be specified for the selected events by selecting
the desired radio button.

¢ For example, if you want to find cut sets that contain any of multiple
events selected, use the OR option.

¢ If you want to just include cut sets that contain every one of the
multiple events selected, use the AND option.

15.1.2. Viewing Cut Set Slices

At this point, a list of the cut sets meeting the event slice criteria will be displayed along
with the quantified probability (or frequency), percent contribution to the total, and the
number of cut sets meeting the event slice criteria.

As an example, the results shown are for a slice including all pump related events from
LOSP sequence 3 cut sets that contain any of these basic events.

Expand the cut set by
clicking on the = icon to the
left of the cut set to view
events in a single cut set
such as cut set #2 in the
example.

The option

allows you to copy the on-
screen list of cut sets directly
to a user-specified end state
for further analysis or
storage.

Click on the button to

perform a slice on the
currently displayed slice.

t Cut Sets for LOSP-3 (ET Cut Sets)

BN

Project: DEMO-MDL-BASICS - New DEMO model for instructional use (SAPHIRE Basics) Current Case hd
Project Folder: C\Saphire 8-PRE\DEMO PROJECTS\demo-modeli
Model Type: RANDOM
Expand All Show MT Show Phase
Original | Event Slice
# Caszes Prob/Freq | Total % Cut Sets
1.970E4 100 Displaying 272 Cut Sets. (313 Original) -
& 1 C 5833E5 2961 LOSP,C-PMP-FS-B,5-DGN-FR-A
=1 2 c 5.833E5 2961 LOSP: 3
2.300E+0 LOSP Loss of Offsite Power
1.200E-3 E-PMP-FS-A ECS Pump A Fails to Start
2.113E-2 S-DGMN-FR-B Diesel Generator B Fails to Run
+ 3 C 2449E-5 1243 LOSP.C-PMP-FR-B.S-DGN-FR-A
+ 4 C 2449E-5 1243 LOSPE-PMP-FR-A.S-DGN-FR-B
+ b C 1.104E-5 560 LOSP.C-PMP-FS-B.5-DGN-FS-A
+ 6 C 1.104E-5 560 LOSPE-PMP-FS-A.5-DGN-FS-B
R C 4636E-6 2.35 LOSP,C-PMP-FR-B.S-DGN-FS-A
+ 8 C 4636E-6 2.35 LOSPE-PMP-FR-A.S-DGN-FS-B
+ 9 C 6.624E-10 =« 0.01 LOSP,C-MOV-CC-1,E-PMP-FS-A E-PMP-FS-B
+ 10 C 6.624E-10 < 0.01 LOSP,C-PMP-FS-A,C-PMP-FS-B,E-MOV-CC-1
+ 11 C 5.520E-10 <001 LOSP,C-MOV-CC-A,C-PMP-FS-B,E-MOV-CC-1
+# 12 C 5520E-10 =001 LOSP,.C-MOV-CC-1,E-MOV-CC-B.E-PMP-FS-A
+ 13 C 5A20E-10 =001 LOSP C-MOV-CC-1,E-MOV-CC-A E-PMP-FS-B <

Show End States : @ No

Slice Invert

Partition defined Sequence

Explore Origin

| Publish | |SavetoEnd Stahe| [ x Close ]

Use the option to show the cut sets that do not meet the current slice’s criteria.
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Click on the button to view and publish a report of the cut sets in .html, .pdf, or
Xls format.

4§ Publish (CS) LOSP-3 (ET)
Cut Set Report

-
Cut Set Report - LOSP-3 (ET) New DEMO model for instructional use [
(SAPHIRE Basics)
Jan 22, 2015 8:09 AM

= e

This is a preview only, to see all items publish the report!

Cut Set
Displaying 272 Cut Sets. (313 Original)
LOSP,C-PMP-F5-B,5-DGN-FR-A
LOSP,E-PMP-FS-A,S-DGN-FR-B
LOSP,C-PMP-FR-B,5-DGN-FR-A
LOSP,E-PMP-FR-A,S-DGN-FR-B
LOSP,C-PMP-FS-B,5-DGN-FS-A
LOSP E-PMP-FS-A S-DGN-FS-B
LOSP,C-PMP-FR-B,5-DGN-FS-A
1 NSP F.PMP_FR_4 S.NENFSR

# Case Total %

100
29.61
29.61
12.43
12.43
5.60
5.60
235
PETS

Prob/Freq

1.970E4
5.B33E-5
5.B33E-5
2449E5
2449E5

1.104E-5
1.104E-5
4.636E-6
ARIBER

Report Type (select on gt

=

otal

HTML
@ PDF
Rich Text Format (RTF)

Comma Delimited
Excel Format (XLS)

GG
lieliviieNislieliol o]

F==)

Cutoff % (for detail display, where applicable)
1.00

15.2. The Cutoff Slice Option

The cutoff slice option is used to display cut sets where truncation options will be used
to parse the overall list of cut sets into two smaller lists.

With the LOSP sequence 3 cut sets displayed, select to open the Slice Cut Sets
editor, then select the Cutoff radio button.

. The Top (Cut Sets) option will parse the 4@ Slice Cut Sets 57 [ e |
overall list of cut sets down to only the X ' slice By
number of cut sets specified (i.e., if 25 is o Cutoff | Events | Attributes
typed into the field, then only the top 25 cut Slice By Cutoff
sets will be displayed).
. The Top (%) option will parse the overall list Tom [100 ot sets
of cut sets down to only the Y percent
contributing cut sets specified (i.e., if 90% is ®Top &
typed into the field, then only the top 90 v >—  |0.0001
percent cut sets will be displayed).
% Contribution 5
¢ The Value >= option will parse the overall Se== |5
list of cut sets down to only those cut sets
above the specified truncation level (i.e., if
1E-06 is typed into the field, then only those
cut sets above the truncation level of 1E-06 [ Fox ] [Kcmal]
will be displayed).
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. The % Contribution option will parse the overall list of cut sets down to only
those cut sets that contribute Z percent to the overall probability (i.e., if 5% is
typed into the field, then only those cut sets that contribute at least 5% to the
overall probability will be displayed).

. The Size <= option will parse the overall list of cut sets down to only those cut
sets that have less than or equal to the number of events entered into the text
field.

With the desired cutoff option selected and the specific truncation level specified, select

Lo ],

The cut sets meeting the cutoff slice criteria are displayed along with the quantified
probability (or frequency), percent contribution to the total, and the number of cut sets
meeting the cutoff slice criteria. In this case the top 10 cut sets were selected.

%F% Cut Sets for LOSP-3 (ET Cut Sets) =N =R ="
Project: : DEMO-MDL-BASICS - Mew DEMO model for instructional use (SAPHIRE Basics) Current Case -
Project Folder: C\Saphire 8-FRE\DEMO PROJECTS\demo-modell
Model Type: RAMDOM
Expand Al | Shaow MT ||5hnw Phase|
Original | Top %&
i Cases Prob/Freq | Total % Cut Sets
1.715E-3 100 Displaying 10 Cut Sets. (313 Original)
1 C 1.027E-3 59.90 LOSP.S-DGN-FR-A_S-DGMN-FR-B
+ 2 C 1.944E-4 11.34 LOSP S-DGMN-FR-B.S-DGMN-FS-A
+ 3 C 1.944E-4 11.34 LOSP 3-DGMN-FR-A_ S-DGMN-F3-B
+ 4 C 5.833E-5 3.40 LOSP.C-PMP-FS-B.5-DGN-FR-A
+- A C 5.833E-5 3.40 LOSPE-PMP-FS-A_S-DGMN-FR-B
+- B C 4 BB1E-5 283 LOSP C-MOV-CC-B,S-DGHN-FR-A
7 C 4. 861E-5 283 LOSPE-MOV-CC-A S-DGN-FR-B
+- 8 C 3.680E-5 215 LOSP S-DGMN-FS-A_ S-DGMN-FS-B
+ 9 C 2 449E-5 143 LOSP C-PMP-FR-B.5-DGN-FR-A
+ 10 C 2.449E-5 1.43 LOSPE-PMP-FR-A_S-DGN-FR-B
Show End States : @) Mo Partition defined Sequence
Invert Explore Qrigin Publish | |SavetoEnd State| | x Close |

15.3. The Attributes Slice Option

This option is planned for future expansion of SAPHIRE 8 capabilities.
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| 16 ‘ REPORTING INFORMATION

Section 16 describes how to generate reports for a variety of information including
basic event data, fault tree results, and event tree results stored in SAPHIRE.

16.1. Main Menu Publish Selections

There are five options for publishing reports from the SAPHIRE 8 main menu publish
tab:

. . o File ~‘iew Bookmarks | Publish | Project  Tools - Help
. The Project Report lists statistics of the
numbers of event trees, fault trees, basic Project Report
events, and gates. Basic Everlt Report
. Basic Event Reports include listings, either Fauk Tree Report
all selected or sorted by type such as RASP Event Tree Report
CCF and HRA Events, uncertainty, and End State Report

categories. The custom report option
includes even more choices.

. Fault Tree Reports include fault tree lists, cut sets (broken down in several
ways), linkage rules, post-processing rules, importance measures (overall or by
component or operator action) and graphics. The custom report option includes
even more choices.

. Event Tree Reports include event tree lists, cut sets, linkage rules, post-
processing rules, event tree dominant results, dominant sequence results,
importance measures (overall or by component or operator action) and graphics.
The custom report option includes even more choices.

. End State Reports include end state lists, cut sets, post-processing rules, event
tree dominant results, dominant sequence results, importance measures (overall
or by component or operator action) and graphics. The custom report option
includes even more choices.

Many reports can also be generated from dialogs throughout SAPHIRE 8 by clicking
on the Publish button, when available, in the dialog window.
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16.1.1. Options for all Reports

An important thing to remember is that only selected items in the corresponding list

Idaho National Laboratory

pane will be included in a report. As an example, all of the Standard Basic Events are
highlighted in list pane for the Basic Event Listing report shown below:

Q SAPHIRE [project: "DEMO-MDL-BASICS - New DEMO model for instructional use (SAPHIRE Basics)" folder: "C:\Saphire 8-PRE\DEMO PROJECTS\demo-model\"]

File “Wiew Bookmarks Publish Project Tools

T
Mew basic event
C-CKV-CC-A
C-CKW-CC-B
C-MOV-CC1
C-MOW-CC-A
C-MOV-CC-B
C-PMP-FR-A
C-PMP-FR-B
C-PMP-FS-A
C-PMP-FS-B
E-CKV-CC-A
E-CKV-CC-B
E-MOV-CC-1
E-MOV-CC-A
E-MOV-CC-B
E-PMP-FR-A
E-FMP-FR-B
E-PMP-FS-A
E-PMP-FS-B
LOSP
S-DGN-FR-A
S-DGN-FR-B
S-DGN-FS-A
S-DGN-FS-B
S-TNK-FC-T1
SEIS-C-PUMP-A
SEIS-DG-A
SEIS-DG-B
SEIS-TANK
=INIT=

Help
&
Y Publish (BE) (SR E=uE P EOR (%)

CCS Train ADischarge Check
CCS Train B Discharge Check
CCS Suction Isolation Valve Fal
CCS Train ADischarge MOV Fg
CCS Train B Discharge MOV F:
CCS Pump AFails to Run
CCS Pump B Fails to Run
CCS Pump AFails to Start
CCS Pump B Fails to Start
ECS Train ADischarge Check
ECS Train B Discharge Check
ECS Suction Isolation Valve Fal
ECS Train ADischarge MOV F3
ECS Train B Discharge MOV F;
ECS Pump AFails to Run

ECS Pump B Fails to Run
ECS Pump AFails to Start
ECS Pump B Falils to Start
Loss of Offsite Power

Diesel Generator AFails to Rur|
Diesel Generator B Fails to Ru
Diesel Generator AFails to Sta
Diesel Generator B Fails to Sta
RWST Supply Fails

CCS8 Train A motor-driven pum|
Emergency diesel generator A
Emergency diesel generator B
RWST supply to the injection a
System Generated Initiating Ew

Basic Event Reports

This is a preview only, to see all items publish the report!

Basic Event Listing Current-Naminal
Basic Event Expanded Listing

Basic Event Combination Listing (Nor|
Basic Event Combination Listing (Cur,
Compound Event

HRA Event

Rasp CCF

Uncertainty Parameters

Uncertainty Quantiles

Uncertainty Moments
Transformations

Event Categories

Event Categories One Line

Event Attributes

Event Template

Event Model Template

Notes

Custom Report

=
c
s
©
i
@
L
@
=
=
=
|5
a
@
o

@ HTML

® PDF

") Rich Text Format (RTF)
@ Comma Delimited

") Excel Format (XLS)

=
5
B
2
n
=
@
E
=
o
3
[=]

Format

Basic Event Listing

172212015 8:38:11 AM

EVENT MODEL TYPE
<INIT> RANDOM
C-CKV-CC-A  RANDOM
C-CKV-CC-B RANDOM
C-MOV-CC-1 RANDOM
C-MOV-CC-A  RANDOM
C-MOV-CC-B RANDOM
C-PMP-FR-A  RANDOM
C-PMP-FR-B RANDOM
C-PMP-FS-A RANDOM
C-PMP-FS-B RANDOM
E-CKV-CC-A  RANDOM
E-CKV-CC-B RANDOM
E-MOV-CC-1  RANDOM
E-MOV-CC-A  RANDOM

[

PHASE

PHASE 1
PHASE 1
PHASE_1
PHASE 1
PHASE 1
PHASE_1
PHASE 1
PHASE 1
PHASE_1
PHASE 1
PHASE 1
PHASE_1
PHASE 1
PHASE 1

New DEMO model for
instructional use
(SAPHIRE Basics)

CaLc. PROB/ FREQ
1.000E+D
1.000E-4
1 000E-4
2 DOOE-4
1.000E-3
1 000E-3
5.039E-4
5.039E-4
1 200E-3
1.200E3
1.000E-4
1 DDOE-4
2 DOOE-4
1.000E-3

m

»—-»—n»—-w.—-uww»—-w.—-»—‘»-y“;n

1

Cutoff % (for detail display, where applicable)
1.00

Cancel

Report formats are available in HTML, PDF, Rich Text Format, Comma Delimited, and
Microsoft Excel (XLS) by selecting the corresponding radio button in the Format pane.

RTF and XLS previews are not available for reports but clicking will create the
document for review and saving or printing. The previews for PDF and Comma
Delimited are shown below.
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Note the standard PDF menu bar above the preview.

Report Type (select one)

4§ Publish (EE)

Basic Event Reports -

ng
Basic Event Listing Current-Nominal
Basic Event Expanded Listing
Basic Event Combination Listing (Mor,
Basic Event Combination Listing {Cur,
Compound Event
HRA Event
Rasp CCF
Uncertainty Parameters
Uncertainty Quantiles
Uncertainty Moments
Transformations
Event Categories
Event Categories One Line
Event Aftributes
Event Template
Event Model Template
MNotes
Custom Report

Format

O HTML

@ PDF

@ Rich Text Format (RTF)
) Comma Delimited

) Excel Format (XLS)

Cutoff % (for detail display, where applicable)

1.00

===

This is a preview only, to see all items publish the report!

Basic Event Listing New DEMO model for instructional use i
(SAPHIRE Basics)
Jan 22, 2015 8:40 AM
Event Model Phase Cale. | Failure Fail. |Lambda| Tau |Mission| Freq
Type Prob. Type Prob. Time Units

<INIT= RANDOM _ |PHASE | 1O000E:0 [N 1.000E+D 000E<0_ [0.000E=0 |0D.000E+0 |¥
CCEV-CC-A RANDOM  |PHASE | 1O0GE-4 1 1.000E4 00000 [0.000E+0 | 0.000E+0 =
C-CKV-CCB RANDOM __ |PHASE | 1.000E-4 1 1.000E-4 000E+0__ [0.000E=0 | 0.000E+D
C-MOV-CC-1 RANDOM  |PHASE_| 2 000E-4 1 2.000E-4 0000E+0  [0.000E+0  [0.000E+0
C-MOV-CC-A RANDOM __ |PHASE | 1.000E-3) 1 1.000E-3) 0.000E<0__ |0.000E=0__|0.000E+D
C-MOV-CC-B RANDOM __ |PHASE | 1.000E-3 1 1.000E-3 0000E+0__|0.000E+0 | 0.000E+0
C-PMPFR-A RANDOM _ |PHASE | 5.039E-4 3 0.000E-0  [2100E-5  [0.000E=0  [2.400E+1
CPMPFR-B RANDOM _ |PHASE_| S.039E-4 3 0.000E=0  [2100E-5  [0.000E~0  [2.400E~1
C-PMP-FS-A RANDOM __ |PHASE | 1.200E-3. 1 1.200E-3 0.000E<0__ [0.000E=0__[0.000E+0
CPMPFSB RANDOM  |PHASE | 1.200E-3 1 1.200E-3 00000 [0.000E+0 | 0.000E+0
E-CKV-CC-A RANDOM _ |PHASE | 1.000E-4 1 1.000E-4 000E+0  [0.000E=0 _|0.000E+D b
E-CKV-CC-B RANDOM _ |PHASE | 1.000E-4 1 1.000E4 0.000E<0_ |0.000E=0 | 0.000E+0
E-MOV-CC-1 RANDOM __ |PHASE | 2.000E-4 1 2.000E-4 000E+0__ [0.000E=0 | 0.000E+D
E-MOV-CC-4 RANDOM __ |PHASE | 1.000E-3 1 1.000E-3 0.000E<0__|0.000E=0__|0.000E+0
E-MOV-CC-B RANDOM _ |PHASE | 1.000E-3) 1 1.000E-3) 0.000E<0  [0.000E=0 [0.000E+0
E-FMP-FR-A RANDOM _ |PHASE_| S.039E-4 3 0.000E=0  [2100E-5  [0.000E~0  [2.400E~1
E-EMP-FR-B RANDOM __ |PHASE | S5.039E-4 3 0.000E=0 _ [2.100E-5 _ |0.000E=0 [2.400E+1
E-FMP-FS-A RANDOM _ [PHASE_L 1.200E-3 1 1.200E-3 0.000E~0_ [0.000E+0_[0.000E+0
E-PMP-FSB RANDOM _ |PHASE | 1.200E-3) 1 1.200E-3) 000E<0__ [0.000E=0 | 0.000E+D
LOSP RANDOM _ |PHASE | I30E-0 [N 2300E-0  |0.000E~0 [0.000E~0 [0.000E+0 |Y¥

Comma Delimited publishes to a .txt file using your default text editor.

=
=
s
©
=
]
-
@
==
s
=
S
a
oy
[

<5 Publish (BE)

Basic Event Reports -

Basic Event Listing Current-Mominal
Basic Event Expanded Listing

Basic Event Combination Listing (Mo
Basic Event Combination Listing (Cur|
Compound Event

HRA Event

Rasp CCF

Uncertainty Parameters

Uncertainty Quantiles

Uncertainty Moments
Transformations

Event Categories

Event Categories One Line

Event Aftributes

Event Template

Event Model Template

MNotes

Custom Report

Format

) HTML

- PDF

) Rich Text Format (RTF)
@ Comma Delimited

©) Excel Format (XLS)

Cutoff % (for detail display, where applicable)

1.00

[ = B e [ ) 5|

This is a preview only, to see all items publish the report!

= Event, Model Type, Phase, Calc. Prob., Failure Type, Fail. Prob., Lambda, Tau, Mission Time, Freq. Units -
g =INIT=, RANDOM, PHASE_1, 1.000E+0, N, 1.000E+0, 0.000E+0, 0.000E+0, 0.000E+D, ¥
C-CKV-CC-A, RANDOM, PHASE_1, 1.000E-4, 1, 1.000E-4, 0.000E+0, 0.000E+0, 0.000E+0,
C-CKV-CC-B, RANDOM, PHASE_1, 1.000E-4, 1, 1.000E-4, 0.000E+0, 0.000E+0, 0.000E+0,
C-MOV-CC-1, RANDOM, PHASE_1, 2.000E-4, 1, 2.000E-4, 0.000E+0, 0.000E+0, 0.000E+D,
C-MOV-CC-A, RANDOM, PHASE_1, 1.000E-3, 1, 1.000E-3, 0.000E+0, 0.000E+0, 0.000E+0,
C-MOV-CC-B, RANDOM, PHASE_1, 1.000E-3, 1, 1.000E-3, 0.000E+0, 0.000E+0, 0.000E+0,
C-PMP-FR-A, RAMDOM, PHASE_1, 5.029E-4, 3, 0.000E+D, 2.100E-5, 0.000E+0, 2.400E+1,
C-PMP-FR-B, RANDOM, PHASE_1, 5.039E-4, 3, 0.000E+0, 2.100E-5, 0.000E+0, 2.400E+1,
C-PMP-FS-A, RANDOW, PHASE_1, 1.200E-3, 1, 1.200E-3, 0.000E+0, 0.000E+0, 0.000E+0,
C-PMP-FS-B, RANDOM, PHASE_1, 1.200E-3, 1, 1.200E-3, 0.000E+0, 0.000E+0, 0.000E+0,
E-CKV-CC-A, RANDOM, PHASE_1, 1.000E-4, 1, 1.000E-4, 0.000E+0, 0.000E+0, 0.000E+0,
E-CKV-CC-B, RAMNDOM, PHASE_1, 1.000E-4, 1, 1.000E-4, 0.000E+0, 0.000E+0, 0.000E+0,
E-MOV-CC-1, RANDOM, PHASE_1, 2.000E-4, 1, 2.000E-4, 0.000E+0, 0.000E+0, 0.000E+0,
E-MOV-CC-A, RANDOM, PHASE_1, 1.000E-3, 1, 1.000E-3, 0.000E+0, 0.000E+0, 0.000E+0,
E-MOV-CC-B, RANDOM, PHASE_1, 1.000E-3, 1, 1.000E-3, 0.000E+0, 0.000E+0, 0.000E+D,
E-PMP-FR-A, RANDOW, PHASE_1, 5.039E-4, 3, 0.000E+0, 2.100E-5, 0.000E+0, 2.400E+1,
E-PMP-FR-B, RANDOM, PHASE_1, 5.039E-4, 3, 0.000E+0, 2.100E-5, 0.000E+0, 2.400E+1,
E-PMP-FS-A, RANDOM, PHASE_1, 1.200E-3, 1, 1.200E-3, 0.000E+0, 0.000E+0, 0.000E+0,
E-PMP-F5-B, RANDOW, PHASE_1, 1.200E-3, 1, 1.200E-3, 0.000E+0, 0.000E+0, 0.000E+D,
LOSP, RANDOM, PHASE_1, 2.300E+0, N, 2.300E+0, 0.000E+0, 0.000E+0, 0.000E+0, Y
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Rich Text Format will not open in the SAPHIRE preview screen. The analyst will have
to select Publish and then SAPHIRE will open your default word processor (Word) and
create a table containing the basic event information.

= |= Basic Event Listing (2015_01_22_08_42_50).rtf [Compatibility Mode] - Microsoft Wou!_-:--El-g
Home Insert Page Layout References Mailings Review View Developer Add-Ins Acrobat &
= . . =i | Find -
= .. MECIMP WP NI R R 201 9 | aapbcene | asbcepe AaBb( : % L?ERED‘ECE
Pa'ste ¥ B 7 U ~ahe x, x* ii' TNormal | T Mo Spadi.. Headingl | ggalgsgf ::mmv
Clipboard Font Paragraph Styles Editing
: '_E""'4""'A|
N
I Basic Event Listing New DEMO model for instructional use (SAPHIRE Basics)
Jan 22,2015 £:42 AM
- 4
Event Model Phase Calc. Failure Fail. Lambda Tau Mission Freq.
Type Prob. Type Prob. Time Units
- <HIT= FANDOM | PHASE_T TO00E+0 ] TOOOERD | DOOOE+D | O.000E+0 | O.000E+D N4
TCRV-CCA FENDUM | PHASET TO00ES T TO00ES TO00E+0 | O.000E+0 | O.000E+0
|- T-CRV-CCE FANDGM | PHASE_T TO00E T TO00E-3 TOO0E+D | O.000E+0 | O.000E+D
i TMOV-CTT FENDUM | PHASET TO00E# T T O00ES TO00E+0 | O.000E+0 | O.000E+0
M |- TMOV-CCA FANDOM | PHASE_T TO00ES T TOOOET | DOOOE+D | O.000E+0 | O.000E+D
L TMOV-CEB FENDUM | PHASET TO00E-3 T TOOOE-S | DOO0E+0 | O.000E+0 | O.000E+D
- TP FRCA FANDOM | PHASE_T EUTES T TOOOEA | 270065 | OO00ED | Z400E+
- TFMP-FR-E FANDOM | PHASE T EOTES k) TOO0ER | 210065 | UO00ED | 24006+
. TPMPFSA RANDOM | PHASE_T TIO0ET T TIO0ET | DOO0E+D | O.000E+0 | O.000E+D
™ TFWFFSE FANDOM | PHASE T TI00E-3 T TI00ES | DOOOE+D | O.000E+0 | O.000E+D
. E-CRV-CCA FANDOM | PHASE_T | 1.000E-3 T TOOOE-4 | DOODED | O.OO0E+D | U.000E+D
E E-CRV-CCH FANDOM | PHASE T TO00ES T TO00E-3 TOO0E+D | O.000E+0 | O.000E+D0
- E-MOV-CTT RANDOM | PHASE_T | Z.000E-3 T TOO0E-d | DUDDESD | UOO0ED | O.000E+0
. EMOV-CTA FANDOM | PHASE T TO00E=S T TOOOES | DOO0E+0 | O.000E+0 | O.000E+D
- EMOV-CCB FANDOM | PHASE_T | T.000E-3 T TOOOE-3 | DOODED | O.OO0E+D | U.000E+D
N EFMPFRA FANDOM | PHASET SOTES k) TOOOEA | 270065 | UO00E+D | ZA00E+
E-FMP-FR-E RARNDOM PHASE_T B U30ES 3 0.000E+D Z T00E-5 0.000E+D T A00E+HT
N EFMFFSA FANDOM | PHASET TI00E-3 T TZO0ET | DOO0E+D | O.000E+0 | O.000E+D =
E-FMP-F5-B RANDOM PHESE_T T Z00E-3 T T Z00E-3 0. 000E+D 0.000E+D 0 O00E+D
- o=F FANDOM | PHASET T IO0EAD ] TIOEA | DO00ES0 | UO00E+D | O.000E+0 i
:ﬂ S-DGH-FR-A RANDOM PHESE_T ZIT3E-2 3 0. 000E+0 B O00E-4 0.000E+D T A00E+H
- TOCHNFRE FANDOM | PHASE_T TITIED T TOOOER | BO00E4 | OOO0EAD | ZA00E+
R S-DGH-FE-A RANDOM PHESE_T 4 O00E-3 T Z000E-3 0. 000E+D 0.000E+D 0 O00E+D
- TOCNFEE FANDOM | PHASE_T TO00E-F T FO00ET | OOO0ERD | OOO0EAD | O.000E+0
. TRRFC-TT FANDUM | PHASET THOES 3 TO00EH TOO0E-T | O000E+D | ZA00E+
. [EEE-C-PUMA FANDOM | PHASE_T TO00ET T TOOOEA | DOO0E-T | GOO0EAD | O.000E+0
= [SES-DG-A FANDUM | PHASET TO00E+0 H TOO0ER | OO00ES0 | ZO000E+0 | O.000E+0
i [EEEDEE FANDOM | PHASE_T TO00ED H TOOEA | DUO0ESD | ZO00E+D | O.000E+0
[SES-TANK FANDUM | PHASET TO00E+0 H TAOOERD | OOO0E+0 | T.T00E+0 | O.000E+0
Model Version: 0.0 Page 1 Software Saphire 8.1.2.2 -
| " Model Date: 01/02/2008 "
[+]
N ¥
Page:1oft | Words: 279 | i | [Eleg =
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XLS will open in Microsoft Excel (once the analyst selects Publish). This view shows
the Basic Event Listing report opened in Excel 2010 in compatibility mode, where it can

be saved as .xIs or .xlIsx.

X o' o= e Basic Event Listing (2015_01_22_08_46_25).ds [Compatibility Mode] - Microsoft Excel [ | [
m Home | Inset  Pagelayout  Formulas  Data  Review  View  Developer  Add-ns  Acrobat o @ o @ =
=% Arial 10 v A AT P S ceneral - 1] . Sensert - X v A
Paste L (B r Sy - A~ B~ $ - % + | %9 508 Corfij;‘na\ Ff'%ft T:f j:ﬁ petete - | - ﬁ Flfdaa
- ¥ - ° 99 >0 | Eormatting - as Table - Styles ~ | [Bd Format ~ | (2~ Fijter~ Select~
Clipboard Alignment Number Styles Cells Editing
Al - Je | Basic Event Listing hd
I A | B c D F G H J K NS
1 [Basic Event Listing !New DEMO meodel for instructional use (SAPHIRE Basics) =
2 14/22/2015 8:46:25 AM
3
Event Model Type Phase Calc. Prob. Failure Fail. Prob. Lambda Tau Mission Freq. Units
4 Type Time
M 5 <IMIT= RANDOM PHASE_1 1N 1 1] 1] 0y
N 6 C-CKV-CC-A RAMDOM PHASE_1 000017 1E-04 0 0 0
W 7 C-CKW-CC-B RANDOM PHASE_1 0.0001" 1E-04 1] 1] 1]
i & C-MOV-CCA RAMDOM PHASE_1 0000271 0.0002 0 0 0
i 9 C-MOV-CC-A RANDOM PHASE_1 0.001"1 0.001 1] 1] 1]
10 C-MOV-CC-B RAMDOM PHASE_1 0.0017 0.001 0 0 0
11 C-PMP-FR-A RANDOM PHASE_1 0.0005033 3 o 21E-05 o 24
12 C-PMP-FR-B RAMDOM PHASE_1 0.0005039"3 0 2.1E-05 0 24
13 C-PMP-FS-A RAMDOM PHASE_1 0.0012" 0.0012 0 0 0
14 C-PMP-FS-B RAMDOM PHASE_1 0.00127 0.0012 0 0 0
15 E-CKV-CC-A RAMDOM PHASE_1 0.0001" 1E-04 0 0 0
16 E-CKM-CC-B RANDOM PHASE_1 0.00017 1E-04 0 0 0 =
17 E-MOV-CC-1 RAMDOM PHASE_1 0.000271 0.0002 0 0 0
18 E-MOV-CC-A RANDOM PHASE_1 0.001"1 0.001 1] 1] 1]
19 E-MOV-CC-B RAMDOM PHASE_1 0.0011 0.001 0 0 0
20 E-PMP-FR-A RANDOM PHASE_1 0.0005033 "3 0 21E-05 1] 24
21 E-PMP-FR-B RAMDOM PHASE_1 000050393 0 2.1E-05 0 24 f
22 E-PMP-FS-A RANDOM PHASE_1 0.0012" 0.0012 1] 1] 1]
23 E-PMP-FS-B RAMDOM PHASE_1 0.0012" 0.0012 0 0 0
24 LOSP RANDOM PHASE_1 23N 2.29999995 o o 0y
25 S-DGN-FR-A RAMDOM PHASE_1 0.0211373 0 0.00089 0 24
26 S-DGN-FR-B RANDOM PHASE_1 0.0211373 o 0.00089 o 24
27 S-DGN-FS-A RAMDOM PHASE_1 0.0047 0.004 0 0 0
28 S-DGN-FS-B RAMDOM PHASE_1 0.004M 0.004 0 0 0
29 S-THK-FC-T1 RANDOM PHASE_1 0.0000024 3 0 1E-07 0 24
30 SEIS-C-PUMP-A RAMDOM PHASE_1 11 2 0.89999998 0 0
31 SEIS-DG-A RANDOM PHASE_1 0OH 2 1] 2 1]
32 SEIS-DG-B RAMDOM PHASE_1 0H 2 0 2 0
33 SEIS-TAMNK RANDOM PHASE_1 0OH 1.10000002 0 1.10000002 1] L
24
W < » M| Basic Events Model %1 [T« il ] » [1
Ready | P | | || 0 1003 (=) ] (+)
%% Basic Event Custormn Report - New I =L B e I | 5|
ReportName:  NEW
R.epo(} Description:
=
Available Fields Use =
® Nominal Case ©) Current Case
. . . . . Category
All reports have multiple options within the item | |s=een Selected Report Pelde
p p p Description-Alternate Component ID
. Falhall'e Type Mame
Grade i ili
class (Basic Events, Fault Trees, Event Trees, Cocaton il serlcebity
NamE-Albernabe
H H MNumber
. Shape Type ¥
or End States) or entire Project. Each of the Shape T
. . . Template
item classes has a customizable reports option. | |remiste useriss:
Train
Type

The illustration at right shows the custom report
form. Add or subtract fields to the report by
highlighting and then clicking the right arrow

to add or left arrow to subtract.

Model Type Name
Phase Mame
Calculated Probability
Compound DLL
Compound Procedure
Compound Input Mo.
Compound ID List
Compound Tag List
Correlation Class
Model Description

Click when satisfied with the choices.

Model Description-Alternate A
Freguency Unit

Lambda

Lambda Uncertainty Type

Lambda Uncert. Value <o

Lambda Uncert, Value2
Mission Time

Mission Time Uncertainty Type
Mission Time Uncert, Value
Mission Time Uncert. Value2
Probablility

Prob. Uncertainty Type
Prob. Uncert. Value

Prob. Uncert, Value2

Tau

Tau Uncertainty Type

Tau Uncert. Value

Tau Uncert. Value2

Model Template

Model Template Use
Process Flag

[ wox |

[ X cancel ]
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| 17 ‘ Sensitivity Analysis

Section 17 describes how to perform sensitivity studies including basic event data
modifications, event tree, and/or fault tree logic changes. The use of Change Sets to
make basic event data modifications is described.

17.1. Overview of Steps Involved in Performing a Fault
Tree or Event Tree Sensitivity Analysis

If logic changes are to be made (e.g., adding a basic event, removing a basic event,
changing an OR-gate to an AND-gate, removing/adding a branch on an event tree,
etc...), make the changes using the appropriate logic editor.

If data changes are to be made, enter data modifications by either

. Changing the data "permanently” by using the Edit Basic Event form accessible
through the Basic Events List Panel

. Changing the data "temporarily" using a Change Set (Basic Events)

Then, solve the Fault Tree and/or Event Tree cut sets and then perform SAPHIRE
operations such as quantifying cut sets, displaying cut sets, and generating reports.

17.2. Permanent Modifications of Logic Models or
Basic Event Data

. Fault tree and event tree logic can be “permanently” changed in the current
project by using their respective editors. (Alternatively, the fault tree or event tree
logic can be modified using the MAR-D module.)

. Making a permanent data change to Basic Events is accomplished by simply
opening the Basic Event editor, changing the desired data and saving. This
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updates the nominal data. (Alternatively, the basic event data can be modified
using the MAR-D module.)

Note:
It is NOT recommended that permanent changes be used for sensitivity analyses.

Be careful to work only in the Current Case when doing so and not update the
Nominal Case inadvertently. It is safer to work with Change Sets or use the General
Analysis workspace option (discussed in the Advanced SAPHIRE manual).

17.3. Change Sets: Making "Temporary" Data Changes

Change Sets are used to modify Basic Event data only. (Logic changes to the fault
trees and/or event trees can be made using a General Analysis, which is discussed in
the Advanced SAPHIRE manual.)

Change Sets can be created using Singles or Class entry. The Singles entry modifies
individual Basic Events. Using Class entry allows “mask combination” wildcard
searches to change multiple events at once. Singles and Class changes can be used in
the same change set.

. If the Change Sets List Panel | % Change Set Editor = sl

is not visible in the left hand Mo T rerere—

side Lists Panel window,

open it by clicking on the ,

Main Menu View = Change Sihoes | Glass, | Notee ,
Singles Values to be Applied

Sets * Ewvent Property Value Ewvent Property Mew Value

Description:

. To create a Change Set,
double-click on New change
set... to open the Change
Set Editor.

7] Auto Adjust Nodes | FindEvent |

| x Cancel |
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Change sets can be entered using Singles or Class events. A Singles type
change set is illustrated in FAULT-TREE-1 below which increases the probability
by a factor of 10. Note that any of the Failure Model data could be changed.

. Click on the Singles tab if it is not already active

. Click and drag Basic Event C-MOV-1 to the Singles window and drop

. Click on the event and then the failure probability which will open up the Values

to be Applied for the event

. Click on Failure Model check box in the Values to be Applied and then change

the probability

. As many events can be added and modified as needed in the same manner

. Name and describe the Change Set and click

g% Change Set Editor
Mame:  FAULT-TREE-1

De:scr'ipti;:ln: C-MOW-CC-1 increased by a factor of 10

Singles | Class INutes

== aE

Singles
Ewvent Property Value
-} Phase PHASE_1

= Failure Model
—}- Probability
=} Uncertainty ... 3
95% Error...  1.000E+01

Correlation Class

Remove Selected | Auto Adjust Nodes

Values to be Applied

Event Property
=} C-MOW-CC-1
=} Model Type
=} Phase
Uses Template
Description
Calculated Probability
Process Flag
=1- |¥| Failure Model

=1 || Probability

=1- |¥| Uncertaint...
| B5%E..
| Correlation Cla...

Find Event

MNew Value

Failure Probability (1)

2.000E-03
Log Mormal
1.000E+01
MOV-51

x Cancel

Changes made using the Change Sets can be viewed through the report option
Main Menu Publish = Project Report = Change Sets.
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17.3.2. Class Change Set Example

A Class type change set is illustrated in FAULT-TREE-2 below which changes all
failure rates for the operating pumps in the DEMO project. The failure rate
(lambda) is increased by a factor of 10 (i.e., from 2.1E-5/hr to 2.1E-4/hr) over a
mission time of 24 hours.

Click on the Class tab if it is not already active
Click on the Use Class Change Set check box to activate
Click on the Name Mask check box to activate

(The Mask Combination should read Or, note that And is available for
masks as well)

* Enter ?-PMP-FR-* in the Match Value column next to the Name Mask

¢ ?and * are the wildcard symbols which will affect all events that start
with “E(C)-PMP-FR-". The ? is a placeholder and the * is everything.
(The search criteria are case sensitive [i.e., CAPITILIZATION of
events].)

In the right-hand window, Click on the Failure Model check box underneath New
Value Options

Use the pull-down menu in the Value column next to Failure Model to choose
Fails to operate (without repair) (3)

Change Lambda value to 2.1E-4

Change the Mission Time to 24

Name and describe the Change Set and click



SAPHIRE 8 Basics Idaho National Laboratory

Q Change Set Editor IEI@

Descripﬂ;:m: Increase all pump fails to operate by a factor of 10

Singles | Class | Notes

Available Masks Match Value Item Value
=} |¥| Use Class Change Set =} New Walue Options
Magk Combination Or Uses Template Not Assigned
| Name Mask 7-PMP-FR-* Process Flag Not Assigned
Iz a Template =} |+ Failure Model Fails to operate (without repair) (3)
Event Type =- [#] Lambda 2.1E-4|
Developed Event | Uncertainty Distrib... Peint Value
Phases =1 [+f| Mission Time 24
Model Types | Uncertainty Distrib... Peint Value
Template Mask W| Correlation Class

Process Flags
Correlation Class
Categories

+ Failure Model

Save As Ne [ /OK ” xCanceI|

Changes made using the Change Sets can be viewed through the report option
Main Menu Publish = Project Report = Change Sets.

17.3.3. Solving Fault Trees and Event Trees Using
Change Sets

Results of Fault Tree and/or Event Tree cut sets generated from using one or
more change sets are used to compare to the Nominal Case (i.e., compare the
what ifs to the nominal model results). To generate the cut sets using the
selected change sets, perform the following:

. To use a change set, click on the check box to the left of the change set name in
the Change Set List Panel.

. Changes will be made in the order that they are selected and a number will
appear next to the change set name. Lower numbers are applied first, with the
successive change sets over-writing any changes to the same events affected by
prior change sets.
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In the two change sets created above, FAULT-TREE-1 and FAULT-TREE-2, there are
no overlaps of basic event changes, so it does not matter which change set is applied
first.

b

C All -

Mew change set ...

1 FAULT-TREE-1 C-MOV-CC-1 increased by a factor of 10
2 FAULT-TREE-Z Increase all pumps failure by a factor of 10
. From this point, select the desired Fault Tree, Event Tree or any combination

thereof to solve and view their cut sets as presented in the sections on Solving
Fault Trees and Solving Event Trees.

Be careful not to update the Nominal Case when performing a sensitivity analysis!
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| 18 ‘ Transferring PRA Model Data

Section 18 explains the use of archiving, integration, and the MAR-D module for
transferring PRA model data. The different types of MAR-D files that contain model
information and their file formats are introduced.

cea oR FATEL EE:
FATElL ANID EEL EE:
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18.1. Archive Project Utility

“Back up often”. How many times have we heard that? It's a good policy and the
archive project utility is a simple way to perform a complete backup of a SAPHIRE
project. When a project is archived, the complete project (in its current state) is stored
as a .zip file in a location of the user’s choosing. This .zip file will open as a duplicate
project in SAPHIRE just as a .sra file does.

Although SAPHIRE saves its current state (opened with the .sra file) after each change
of a parameter, the archive .zip file takes a snapshot of the project at a point in time.
Archiving is useful to guard against project corruption or to share the project with others.

To create an archive .zip file:
. Close any open windows within the project

. Open main menu File = Archive Project and you will be given the option to
archive with full documentation (files stored in all folders) or limited archive with
all the data but no reports (files stored only in SAPHIRE required subfolders).

. Choose a file name and location. File F View Bookmarks Publish Project Tools Help
= Open existing project... Cirl+0 R

Then C||Ck Save. | Archive 3 | “ Limited Archive
Save As ... W Full with Docs

Integrate Project
Load/Extract

pLik

Macros 3

11 i - [\
Q Archive as - ————— TS Aemn-rmndel

QQ ‘ <« 0SDisk (C:) » Saphire® » demo-model »

Organize « Mew folder
" B i Name ‘ Date modified Type
B Desktop J INIs 1/23/2014 10:07 AM  File folder
4 Downloads = . Mard 1/23/2014 10:08 AM  File folder
2| Recent Places . publish 1/23/2014 2:02 PM  File folder
) Shared 1/23/2014 10:08 AM  File folder
. Libraries . Temp 1/23/2014 2:53 PM  File folder
3 Documents . Workspaces 1/23/2014 10:08 AM  File folder
J“. Music
| Pictures
B videos

18 Computer Sl a m

(LAl demo-model.zip

Save as type: [ SAPHIRE zip files (*zip;*.exe)

“ Hide Folders
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18.2. Integrate Project Utility

Integrate Project provides comparison of the current project with another project and
transferral of selected items from the compared project to the current one.

To integrate a project:

Choose the project either from a
list of recently opened projects or
browse for a file using the Browse
button.

The report will show the
differences between the two
projects

Open main menu File - Integrate Project

_ Current Project  C:\Saphire 8\demo-model\

-~

Compare Current Project To

C:\Saphire S\demo-sdp\

C:\Saphire S\demo-adv\
CASPAR-Projects\SAPHIRE-CCPidemo-sdph

CASaphire S\Demo-IE\

CASPAR-Projects\Peer Review\SPAR Models\FARLY
CASPAR-Projects\SAPHIRE-CCRNRC reports on ccRGDMODELY
C:A\Saphire SWABC_011

CASPAR-Projects\Peer Review\SPAR Models\COOK:

- Browse

Update Current Project

Click on the Integrate button to compare the files

i - L e
~ Current Project C:\Saphire 8\demo-modelt

-

Compare Current Project To

-
E Basic Events: | EventModels | FaulTrees | EventTrees
Summary I Field attributes to display I Changed events (7) |
Events not in current project (148) Events not in comparison project (41} I ldentical events (0} |
MName Description Type -
D’ A-CCF-RASP-NS BLANK BASIC EVENT FOR NEW ENTRY |:‘
[[] |A-cCF-RASP-S BLANK BASIC EVENT FOR NEW ENTRY
] |A-CCF-TEST-NS BLANK BASIC EVENT FOR NEW ENTRY
D A-CCF-TEST-S BLANK BASIC EVENT FOR NEW ENTRY
[ |A-no1 BLANK BASIC EVENT FOR NEW ENTRY
O] |A-nD2 BLANK BASIC EVENT FOR NEW ENTRY
D A-IND3 BLANK BASIC EVENT FOR NEW ENTRY
] (a1 BLANK BASIC EVENT FOR NEW ENTRY
[ (a2 BLANK BASIC EVENT FOR NEW ENTRY -
LR 3

[ Update Current Project ]

[ CheckAl ][ Uncheck Al

Integrate
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To transfer items from the compared project to the current project:

¢

¢

160

As shown above, place check marks in the boxes next to Basic Events, Event
Models, Fault Trees, and Event Trees desired for import into the current project.

Click on Update Current Project to start the import and a verification window will

open.

.'. e e L # .
The following items will be

Lt e
M arne
= Basic Events

ZA-MDP-FR-02__.
ZA-MDP-FR-02__.
ZA-NMDP-FS-02...
ZA-MDP-FS-02...
ZA-MDP-FS-03...
ZA-MDP-F3-03...
ZA-MDP-FS3-03._.

De_scripticun

Alpha Factor 02A01 for component. .
Alpha Factor 02A02 for component. .
Alpha Factor 02A01 for component...
Alpha Factor 02A02 for component...
Alpha Factor 03A01 for component..
Alpha Factor 03A02 for component. .
Alpha Factor 03A03 for component. .

added to the project or overwritten:

Comrments

Mew
Mew
MNew
MNew
Mew
Mew
Mew

[ Perform Update ] ’ x Eancel]

After reviewing the items to be added either click on Perform Update to add
them to the current project or Cancel to exit.
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18.3. The MAR-D Module

Models and Results Database (MAR-D) provides another interface to load or extract
data files that define the PRA database. The files are in a "flat-file" or ASCII file format.
This is the legacy module for transferring files and is still fully supported in SAPHIRE 8.

Typical uses of MAR-D include:

* Transfer PRA information between data bases

Extracting MAR-D files from one SAPHIRE project and loading them (via MAR-D)
into another SAPHIRE project. (The SAPHIRE project may be a new one or a
previously existing project.)

. Import other PRA code information

Formatting the model information from another PRA code to use MAR-D file formats
and creating a SAPHIRE project by loading the files via MAR-D.

. Edit PRA files using a text editor

Extracting MAR-D files from a SAPHIRE project, editing the files to make changes to
the model or model descriptions, and loading those files (via MAR-D) back into the
SAPHIRE project.

. Archiving PRA files

Saving the MAR-D files for long term storage in a text format rather than the native
binary SAPHIRE format.

18.3.1. MAR-D File Format

The MAR-D file text format and field descriptions are provided in SAPHIRE reference
material (NUREG/CR-7039, Volume 7).

Some general MAR-D formatting rules are:
. Use UPPER CASE for event and model names, i.e., CCS, C-CV-A.

. Upper and lower case can be used for descriptive text fields.
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. Entries longer than the allowed field length will be truncated.

3 Commas are field delimiters in most formats; therefore, commas cannot be used
in descriptive text fields.

. Leading or trailing "empty" spaces are allowed.

. An "*" denotes a comment field in most formats; however, " | " denotes a
comment field in rule files.

. A single line should not exceed 250 characters in length.

. AEOS is used to signal the separation of MAR-D input contained in a single file.
For example, when fault tree logic for more than one fault tree is contained in a
single file, the "EOS signals that the data for the current fault tree is complete
and that another fault tree follows.

r — — = = — e —— ]
B |-
u . . W - e — (=1
@uv| o ¢ 0SDisk (C:) » Saphire® » demo-model » Mard » - |$? |'| Search Mard jo |
o - T S——— -
Organize = Include in library = Share with « Burn Mew folder §== ~ [l i@]
. CRUZIN 1 MName Date modified Type
. demo-adv ) .
. oIS ., DEMO-MDL-BASICS Subs 1/23/2014 4:24 PM  File folder
> . demo-adv,
- e - | DEMO-MDL-BASICS.MARD 1/23/2014 4:24 PM MARD File
> i Demo-

4 || demo-model
 INIs
> . Mard

m

» | publish
» 1) Shared
. Temp
. Workspaces
NEMO-PINI-FYAM-I Fovnnirdas T ] k
2 items
. File storage will create a .MARD file extension and a subfolder to the location the

.MARD file is stored.

The subfolder will contain the individual file extensions listed in the tables below. This
hierarchy allows for easy loading and extraction of files.
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i O —— - e - I — - =HC! &1
@Qv| . < demo-model » Mar‘d E@[;E__B_EICS‘SUbS v. +y .r:'f:::"‘-':‘--_"-’fj-'-). .:-..: ASICS Subs o |
Organize « Include in library - Share with - Burn Mew folder 0l @&

4 . Saphire 8 i Mame ‘ Date modified i
. ABC 01 ~ . L
%] DEMO-MDL-BASICS.BEA 172372014 4:24 PM BEA4 File =
L > i CRUZIN ~ .
__| DEMO-MDL-BASICS.BEC 172372014 4:24 PM BEC File
I demo-ady || DEMO-MDL-BASICS.BECat 1/23/2014 424 PM  BECAT File
i > Ju demo-adwv_LET ~ .
= || DEMO-MDL-BASICS.BED 1/23/2014 4:24 PM EED File
I J AL = || DEMO-MDL-BASICS.BEDA 1/23/2014 424 PM  BEDA File
AL ChmEE __| DEMO-MDL-BASICS.BEG 1/23/2014 4:24 PM BEG File
$ N || DEMO-MDL-BASICS.BEH 172372014 4:24 PM BEH File
4 & Mard || DEMO-MDL-BASICS.BEI 1/23/2014 4:24 PM BEI File
. DEMO-MDL-BASICS Subs R .
. publish || DEMO-MDL-BASICS.BEMD 1/23/2014 4:24 PM BEMPD File il
39 items
18.3.2. MAR-D Load and Extract Menus
. The MAR-D menus are provided via the
. . . I
main menu File — Load/ Extract option, | St esd/Btct = ESS Eon =
Load |Extract
[¥] Allow old formats
. The “Load" tab a”OWS yOU tO |0ad MAR_ CASaphire Sdemo-modelMard\DEMO-MDL-BASICS.MAR
D files. = Basic Events
Description
H 11 " H H b . ipti
Click on “Open” to browse for files available to e
I X es. Alternate
load. The compatible files must have the Model Desc. Al
designated extension (.MARD for the new Attributes
format).
) Rate Info
T . “ Transformation
To load individual files, check the Allow old _ Compound Events
formats” and open the subfolder which contains Categories
the individual files and these files are listed Grade
based on their designated file extensions (e.g. nRA
RASP CCF
.BEA, e_t_c...)_. The format must conform to MAR- Faul Trees
D SpeCIflcatlon. Event Trees
Expand the item list as necessary and place a 'Ej"d_ 9::‘&5
. . roje
check in the checkboxes of the available :
information and the correct file extensions
located in the subfolder are automatically
selected for loading.
Click “Process” to load the files. Uniark| | Errors Process | | X Close |
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. The “Extract” tab allows you to save MAR-D files from the database to a storage

drive.

To extract information from SAPHIRE,
select the Extract tab then select what
information you want extracted by
checking the checkboxes.

Click “Save As” and select a filename
and location to save the files.

The default name is usually the project
name and the .MARD extension.

The default location is the project \Mard
subdirectory.

Click “Process” and the files will be
saved with a root .MARD filename and a
subfolder named (filename) Subs will
be created with all of the individual file
extensions, as described above.

When sharing the MAR-D information, it
is necessary to share both the .MARD
file and the subfolder with the individual
file extensions.

164

%8¢ Load/Extract

[ = = o | |

(71 Al Project tems

Basic Events
Fault Trees
Event Trees

End States

Project
Description
Aftributes

[ Rules
Text

0--E--E--E--E--E

Histograms
[[] slice Defs
[7] categories
Model Types

<

UzerFields
Objects

Change Sets

C:ASaphire é\demo-modehard\DEMO-MDL-BASICS.MAR

Add to existing export group

(@) Selected List tems (From main window lists)

Event Tree Groups

Unkark

Process ] ’ x Close ]
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Mar-D File Descriptions and General Guidance for Usage

Project Information

Mar-D File Description Extension General Guidance

Project Names/Description .FAD Not needed if defined in the "receiving"
project.

Project Attribute File FAA Descriptive, contains default mission time

Project Textual Information FAT Descriptive information only.

Project Post-processing Rules

(event tree sequences) FAY Needed if feature is used.

Project Post-processing Rules

(fault trees) FAS Needed if feature is used.

Project Partition Rules .FAP Needed if feature is used.

Project User Defined FAU Needed if feature is used. (Project information)

Project Category Information .FAC Needed if feature is used

Project Model Types .MTD Needed if feature is used.

Project Event Tree Group .EGD Needed if feature is used.

Project Phase Model .PHD Needed if feature is used.

Event Tree Information

Mar-D File Description Extension General Guidance

Event Tree Names/Descriptions .ETD Load prior to other event tree/sequence info.

Event Tree Attributes ETA Usually needed (specifies initiating event —
event tree correspondence).

Event Tree Graphics ETG Load either this file or .ETL.

Event Tree Logic ETL Load either this file or .ETG.

Event Tree Rules ETR Needed if feature is used.

Event Tree Textual Information .ETT Descriptive information only.

Event Tree Post-processing ETY Needed if feature is used.

Rules

Event Tree Partition Rules ETP Needed if feature is used.

End State Information

Mar-D File Description Extension General Guidance

End State Names/Descriptions ~ .ESD Load prior to other end state information files.
End State Information .ESI Undefined MAR-D file.

End State Textual Information EST Descriptive information only.

End State Cut Sets .ESC Needed if feature is used.
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Mar-D File Description Extension General Guidance

Fault Tree Names/Descriptions  .FTD Load prior to other fault tree/event tree files.

Fault Tree Graphics .DLS Loads graphic and associated logic.

Fault Tree Logic FTL Not needed if .DLS loaded.
If .DLS is not used, then associated
descriptions come from the .BED and .GTD
files.

Fault Tree Cut Sets FTC Generally not used since SAPHIRE can
generate the cut sets.

Fault Tree Attributes FTA Usually not needed.

Fault Tree Textual Information  .FTT Descriptive information only.

Fault Tree Post-processing

Rules FTY Needed if feature is used.

Basic Event Information

Mar-D File Description Extension General Guidance

Basic Event .BED Load prior to other basic event information

Names/Descriptions files.

Basic Event Rate Information .BEI Usually needed.

Basic Event Attribute Codes .BEA Needed if feature is used.

Basic Event Transformations .BET Needed if feature is used.

Basic Event Compound .BEC Needed if feature is used.

Basic Event Text .BEN Needed if feature is used.

Basic Event Category .BECat Needed if feature is used

Basic Event Grade .BEG Needed if feature is used.

Basic Event HRA .BEH Needed if feature is used.

Basic Event RASP CCF .BER Needed if feature is used.

Basic Event Names .BEDA Needed if feature is used.

Descriptions (Alternate)

Basic Event Model Type .BEMT Needed if feature is used.

Basic Event Model Type .BEMDA  Needed if feature is used.

(Attribute)

Basic Event Model Type .BEMD Needed if feature is used.

(Description)

Gate Information

Mar-D File Description Extension General Guidance

Gate Descripton .GTD Descriptive information (will be needed for
gate text to appear if .FTLs used instead of
.DLSs).

Gate Attributes .GTA Usually not needed because the information is
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Mar-D File Description Extension General Guidance

Sequence Names/ Descriptions  .SQD Load prior to other sequence information files.

Sequence Cut Sets .SQC Not needed since SAPHIRE can resolve cut
sets.

Sequence Attributes SQA Needed to specify sequence-to-FLAG SETS
relationships (if used).

Sequence Logic .SQL Not needed if event tree exists (can Link tree).

Sequence Textual Information SQT Descriptive information only.

Sequence Post-processing Rules .SQY Needed if feature is used.

Sequence Partition Rules .SQP Needed if feature is used.

Change Set Information

Mar-D File Description Extension General Guidance

Change Set Description .CSD Descriptive information only.

Change Set Information .CSI Needed if feature is used.

Change Set Attributes .CSA Needed if feature is used.

Histogram Information

Mar-D File Description Extension General Guidance

Histogram Description HID Descriptive information only.

Histogram Information HII Needed if feature is used.

Histogram Attributes HIA Needed if feature is used.

Slice Information

Mar-D File Description Extension General Guidance

Slice Names and Descriptions .SLD Sliced (partitioned) group of cut sets name and
descriptive information.

Slice Basic Events SLB Sliced (partitioned) cut set basic events.

Slice Information SLI General Slice (partition) information.

Slice Attributes SLA General Slice (partition) information.
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Note:
The guidance provided above is of a general nature and is intended to provide
insights into when it is necessary to load the particular MAR-D file. However,
the particular needs of the user and characteristics of the model will determine
the optimal combination of MAR-D files that should be loaded.
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SAPHIRE — The “Big Picture”

Develop Project Models Produce Current
(logic and data) Case Data Perform Analysis Final Product
Build Fault Trees Fault Tree Analysis
(Section 6) (Sections 8-10 and 17)

\ Fault Tree
Development

( Modify Basic \ f Report Results \
Events - Graphical Output
(Section 7) (Section 5 and 6)
- Probabilities Generate Probabilities - Basic Events
- Frequencies (Sections 2 and 7) (Section 7 and 16)
- Uncertainties - Fault Trees
- Descriptions (Section 15 and 16)
- Sequences
Event Tree (Section 15 and 16)
Development \ J
Build Event Trees Link Event Trees Sequence Analysis
(Section 5) (Section 11) (Sections 12-14 and 17)
NOTICE

This report was prepared as an account of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their employees,
makes any warranty, express or implied, or assumes any legal liability or responsibility for any third
party's use, or the results of such use, of any information, apparatus, product or process disclosed in this
report, or represents that its use by such third party would not infringe privately owned rights. The views
expressed in this report are not necessarily those of the U.S. Nuclear Regulatory Commission.
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| 1 | INTRODUCTION

Section 1 contains an introduction to the SAPHIRE Basics course workbook

This SAPHIRE Basics course workbook accompanies the SAPHIRE Basics training course manual. The workbook provides instructions for
modeling exercises that will provide students with hands-on experience using fundamental SAPHIRE features. The workbook provides model
information for the workshop problems, describes the exercises to perform, and provides the results that should be achieved during the exercises.

The SAPHIRE Basics training course manual and SAPHIRE Reference Manuals should be used to provide additional instructions as needed to
perform the exercises.

The workshop exercises will focus on simplified versions of reactor and containment cooling systems. A diagram of these systems is shown in
Figure 1. The event tree and fault tree models related to operation of these systems. Basic events with their associated failure data will be
specified for the individual components from the reactor and containment cooling systems.
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STORAGE
TANK c(-mov-A
C-PUMP-A DG-A)
(DG-A) SPRAY-A
CCV-A
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CMOVA *o—r—r"
(DG-B)
L
EMOV.E
E-PUMP-B (DG-B)
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1 ' E-CVB
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EMOV-1
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E-PUMP-A (DG-A)
{DG-A)

CONTAINMENT

Figure 1. System diagram of the reactor and containment cooling systems for the workshop exercises. Note that electrical support system
dependencies are shown in brackets () below the respective components.
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| 2 Main Menu and Navigation

Workshop Objectives

The Main Menu and Navigation workshop accompanies Sections 1 through 3 in the training manual. The workshop objective is to familiarize you
with the menus and navigation of the SAPHIRE 8 software.

First step to using software is to install it. If you haven’t done so, install SAPHIRE 8 by following the instructions in Section 1.8 of the Basics training
manual

Once the software is installed and opened, it will present you with an option screen as per Section 2.1 of the Basics training manual. We will need to
make a new project. To make a project:

1. Add a new project named WKSP-1 using the instructions for “Create New Project” found in Section 2.1. Note that if you do not select the
“Create New Project” icon from the startup screen, you can optionally use the main menu path File - New —Project.

Now familiarize yourself with the navigation of the Main Menu toolbar by browsing through the headings. Details of each option can be found
throughout Section 3 of the manual and should be referred to as needed throughout this course. (Open the DEMO-MODEL project in order to
navigate the menu options.)



SAPHIRE 8 Basics Workbook Idaho National Laboratory

NOTES



SAPHIRE 8 Basics Workbook Idaho National Laboratory

| 3 |Bui|dingEventTrees

Workshop Objectives

The Building Event Trees workshop accompanies Section 5 in the Basics training manual. The workshop objective is to practice building event
trees using the graphical event tree editor in SAPHIRE.

1. Verify the WKSP-1 project is selected. The currently selected project is shown at the top of the SAPHIRE window. If not already selected,
select the new project WKSP-1 in the File 2 Open Existing Project menu or File = select from the previously opened projects shown at

bottom of options (SAPHIRE stores the last eight open projects).

To build the event tree:

1. In the WKSP-1 project, reproduce the event tree shown in Figure 2 by using the event tree graphical editor. Follow the editor instructions in
the Basics course instruction manual Section 5.

2. Use the Project — User Settings — General Display and Project —» Phases to adjust the colors of the workspace items to your
preference.
3. The event tree shown in Figure 2 should be named LOSP. The LOSP event tree will be used in other workshop sessions.
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Figure 2. The Loss-of-Offsite Power (LOSP) event tree.
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| 4 |Bui|dingFauItTrees

Workshop Objectives

The Building Fault Trees workshop accompanies Section 6 in the Basics training manual. The workshop objectives are to practice building fault
trees using the graphical fault tree editor.

Workshop Instructions
Using the Fault Tree Logic Editor create the ECS Fault Tree

1. In the WKSP-1 project, construct the ECS fault tree shown in Figures 3 through 6 using the fault tree graphical editor. NOTE: that Figures
4 through 6 are NOT Sub Trees! They are shown for convenience and can be viewed by right clicking on the gate and selecting “View as
Top Gate”. Follow the instructions in the SAPHIRE Basics course instruction manual in Section 6.

[The SUP-DGNA and SUP-DGNB need to be added as transfer gates or can be built into the fault tree logic and then highlight the gate and
select “Convert Gate to Sub-Tree.” Figures 7 and 8 display the logic for these fault trees. These fault trees will be used in both the ECS
and CCS fault tree.]

2. Practice using the fault tree graphical editor commands.
3. Use the Project — User Settings — General Display and Project - Model Types to adjust the colors of the workspace items to your
preference.

4, DO NOT ADD THE BASIC EVENT PROBABILITIES this will be done in a later workshop.
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NOTE that the actual position of the branches in the tree may be different based on the order you add them. SAPHIRE builds the fault tree left to

right.

Emergency Cooling System

ECE
I 1
Mo Water to the Pumnp Trains Both Pump Trains Fail to Inject
ECS-5UPPLY ECE-TRAINS
[’ﬁ |
| 1 | 1
ECS MO%-1 Fails o Cpen RWST Eupply Fails ECS Train A Fails ECS Train B Fails
ECS-MOY-1 S-THE-FC-T1 |1 0000E+00 ECS-TRAIMN-A ECS-TRAIN-B
) 1 I | 1 | I 1
Diesel Generator A Fails ECE Suction solation Yalve Diesel Generator A Fails ECS Pump A Fails ECS Train A Discharge MOY ECS Pump B Fails Diesel Generator B Fails ECS Train B Discharge MO
Failsto Open Failslo Open Fails .0 Open
SUP-DGRA E-MOv-CC-1 ‘1 .0000E+00 SUP-DGNA |E)€t ECE-PUMP-A E-mMOV-CC-A ‘1 .0000E+00 | J[ECE-PUNMP-B SUP-DGNE |E)€t E-MOWV-CC-B |1.DDUDE+DD
[ ECS Train A Discharge Check ~ ECS Train B Discharge Check
see Figure 7 see Figure 7 | Yalve Fails to Open | see Figure 8 Valve Fals to Open
ECS Pump & Fails to Start ECKv-CC-A [1.0000E+00 ECS Pump 3 Fails to Start E-CKV-CC-B [1.0000E+00
E-PMP-F5-A |1.DDUDE+DD E-FMP-FE-8 |1.DDUDE+DD
ECS Pump A Fails to Run ECS PumpB Fails to Run
E-PMP-FR-A |1.DDUDE+DD E-PMP-FR-B |1.DDUDE+DD
see Figure 4 see Figure 5 see Figure 6

Figure 3. The emergency cooling system (ECS) fault tree.
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Figure 4. Portion of the ECS Fault Tree with ECS-SUPPLY gate viewed as the top

ECE Train A Fails

ECS-TRAIMN-A

n

ECES Pump A Fails
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Figure 5. Portion of the ECS Fault Tree with ECS-TRAIN-A gate viewed as the top with small boxes selected
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ECS Train B Fails
ECS-TRAIN-B
! | !
ECS Pump B Fails Diesel Generator B Fails ECS Train B Discharge MOV
Fails to Open
ECS-PUMP-B SUP-DGNB Ext| [E-MOV-CC-B | 1.0000E+00
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@

[E-PMP-FS-B [ 1.0000E+00)
ECS Pump B Fails to Run

E-PMP-FR-B [ 1.0000E+00

O

Figure 6. Portion of the ECS Fault Tree with ECS-TRAIN-B gate viewed as the top with small boxes selected
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Figure 7. SUP-DGN-A Sub-Tree
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Diesel Generator B Fails
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Diesel Generatar B Fails to Start

3-DGMN-FR-B |1.EIEIEIEIE+EIEI

3-DGMN-F5-B |1.EIEIEIEIE+EIEI

@

Figure 8. SUP-DGN-B Sub-Tree

Sub Trees (Use the following option if you did not create SUP-DGNA or SUP-DGNB as transfer gates when initially built.)
1.

O

Idaho National Laboratory

In the WKSP-1 project, we will use the Diesel Generator A and Diesel Generator B to support both the ECS and CCS Fault Trees.
SAPHIRE 8 will not allow the same gate name to be used in two different fault trees. One way around this would be to name the gates
differently even though their inputs are identical. The other way is to create sub trees and use a transfer gate to call the appropriate tree.

This is the option we will perform in this workshop.

Select the SUP-DGNA gate (left click the mouse) that is not a transfer gate in the ECS Fault Tree you have created. Right click the mouse
and select the option that appears that says “Convert Gate to Sub-Tree”. Perform the same action on the SUP-DGNB gate and save the
ECS Fault Tree. Figure 9 shows the ECS Fault Tree as it should now look.

The sub trees can be viewed by selecting “All” or “Sub Trees” from the pull-down menu in the Fault Trees pane along the left hand side of
SAPHIRE 8. Figure 9 shows one of the newly created Sub Trees.
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Ernarganty Coding Systim

1

I 1
Ho'Water o the Purme Trains. Bioth Pump Trains Fail fo Inject.
[ECS-BUPPLY ECS-TRAINS

I 1 I 1
ECEMOV-a Fails 10 Open RWET Sunnly Faits ECE Train A Falls ECS Train B Falls
MV FeF G- 11 1 DOOES TRAIN-A TE TRAIN
€]
]
—— T T

A |

I 1
Diesel Generalor A Fais GC8 Train B Dixcharge MOV Digsel Qenerator A Fails ECS Pump AFails Diesel Genersior B Fais A Tram @ Dishasge MOV,
Fails to Span Falls 10 Opan
[SUP-DGHA [Ed| [EMEv-CC-T [ DO00E+08 BUP-DONA [Ex| [ECE-PUMP-A SUP-DOND [Ed| |EMov-CE-B T DOBBE=O0
[ r EC8 Train & Discharge Chack
o - A 'ﬁ T

E-CIV-CC-B 1.0000E+00Y

Figure 9. ECS Fault Tree with SUP-DGN# Transfers

Using the Fault Tree Logic Editor create the CCS Fault Tree

1. In the WKSP-1 project, construct the CCS fault tree shown in Figure 10 using the fault tree graphical editor. Follow the instructions in the
SAPHIRE Basics course instruction manual in Section 6.

2. For this tree, utilize the drag and drop feature for the basic event that has already been created. S-TNK-FC-T1 has already been created,
therefore you can click on it in the Basic Events window and drag it to the CCS-Supply gate you create for CCS Fault Tree and drop it onto
the gate. Practice using this and other fault tree graphical editor commands. The created sub-trees for SUP-DGNA and SUP-DGNB can

also be dragged and dropped into the correct gate. They do not need to be created again.

3. DO NOT ADD THE BASIC EVENT PROBABILITIES this will be done in a later workshop.
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NOTE the use of transfers to sub-trees SUP-DGNA and SUP-DGNB

Containment Cooling System

Idaho National Laboratory

CC8
I 1
Mo Water to the Pump Trains Bath Pump Trains Fail ta Inject
CC3-8UPPLY CCE-TRAINS
I 1 1 T
CC5 MOV-1 Fails to Open RWST Supply Fails G5 Train AFails CC5 Train B Fails
CCE-MOV-1 S-THK-FC-T1 |1 0000E +00 CCE-TRAIN-A CCE-TRAIN-B8
I 1 | I 1 I 1 1
Diesel Generator B Fails CCS Suction Isolation Valve Diesel Generator A Fails CCS Pump AFails CCS Train A Discharge Check Digsel Generator B Fails CCS Pump B Fails CCE Train B Discharge Check
Fails to Open Valve Fails to Open Walve Fails to Open
SUP-DGMNB |E>d C-MOV-CC-1 |1 0000E+00 SUP-DENA |E)d CCE-PUMP-A C-CRV-CC-A |1 0000E+00 ||| 3UP-DENE \Ext CCE-PUMP-B C-CRV-CC-B |1 0000E+00
—~ S Train A Discharge MOY — CCB Train B Dischargs MOY
| Fails to Open | Fails to Open
CCS Fump A Fails to Run ] [1.0000E+00 LS Pump B Fails to Run Ll [ 1.0000E+00
C-PhP-FR-A |1 0000E+00 C-PMP-FR-8 |1.DDDDE+DD
CCE Pump A Falls to Start CCE Pump B Fails to Start
C-PMP-F5-A |1 0000E+00 C-PMP-FE-B |1.DDDDE+DD

Figure 10. CCS Fault Tree
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No Water to the Pump Trains

CCS-SUPPLY

n

CCS MOV-1 Fails to Open

RWST Supply Fails

CCS Train AFails

CCS-TRAIN-A

~

Idaho National Laboratory

Diesel Generator A Fails

CCS Pump AFails

CCS Train ADischarge Check
Valve Fails to Open

CCS-MOV-L STNK-ECT1 [1.0000E+00] [SUP-DGNA Ext| [CCS-PUMP-A C-CKV-CC-A 1.0000E+00
‘ J Q A H CCS Train A Discharge MOV
I | Fails to Open
I I - C-MOV-CC-A [ 1.0000E+00
Diesel Generator B Fails CCS Suction Isolation Valve CCS Pump AFails to Run °
Fails to Open Q
SUP-DGNB Ext| |C-MOV-CC-1 [ 1.0000E+00 R | 1.0000E+:00
C Q CCS Pump AFails to Start
C-PMP-FS-A [ 1.0000E+00
CCS Train B Fails O
CCS-TRAIN-B
| ! |
Diesel Generator B Fails CCS Pump B Fails CCS Train B Discharge Check
Valve Fails to Open
SUP-DGNB Ext| |CCS-PUMP-B C-CKV-CC-B | 1.0000E+00
A H CCS Train B Discharge MOV
| Fails to Open
C-MOV-CC-B [ 1.0000E+00

CCS Pump B Fails to Run

C-PMP-FR-B

[ 1.0000E+00)

CCS Pump B Fails to Start

C-PMP-FS-B

[ 1.0000E+00

O

O
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| 5 | Basic Event Data Entry

Workshop Objectives

The Basic Event Data Entry workshop accompanies Section 7 in the training manual. The workshop objectives are to practice entering basic event
data into SAPHIRE via the Edit Basic Event form.

Workshop Instructions

1. In the WKSP-1 project, enter basic event data provided in Table 1 into SAPHIRE by selecting the corresponding event from the Basic Event
list panel in the left-hand side of the SAPHIRE screen (template basic events can be created and used if wanted for all; however, at least
one template basic event needs to be created as discussed below).

Note that the value for LOSP is 2.3, which indicates that the initiating event occurs 2.3 times per unit time. Within this project, the assumed
frequency units are per-year. The Frequency Units on the Attributes tab for LOSP should be set to per year. Thus, the frequency of LOSP
is 2.3lyr.

2. Verify that the calculated value for each basic event matches the calculated value shown in the right most column of Table 1 for each
corresponding basic event by highlighting all of the basic events and then select Publish & Basic Event Reports. Table 1 is a custom
report that can be created (see Section 15 in Basics Training manual).

Template Events - create a check valve template event to be used by all of the check valve basic events in the project database.

1. Open the Add Basic Event form by clicking on New Basic Event at the top of the Basic Events list panel (or File > New - Basic Event).

2. Add a new basic event called ZT-CKV-CC and assign it the following information:
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Check the Template Event checkbox

Failure probability = 1.0E-4

Lognormal uncertainty distribution with an EF of 10

Correlation class of “CKV-T1”

Make sure these all of these boxes are checked so the information will be utilized
Uncheck the description check box under the Attributes Tab.

3. Assign this template to all of the check valve basic events (one at a time)

e List all the check valve events by entering “CKV” into the search textbox and click on

e The 5 basic events including “CKV” will be listed (including the template event just created). You can open the basic event editor
from these search results.

e Once the basic event editor is open, click drop down box next to Default Template and select the ZT-CKV-CC template event.
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Table 1. Basic event data.

Idaho National Laboratory

Failure | Failure Mission Distr. Uncert. | Correlation Calculated
Name Description Model | Probability | Lambda Time Type Value Class Probability
CCS Train A Discharge Check Valve Fails
C-CKV-CC-A |to Open 1 1.0E-4 LOG NORMAL 10 CKV-T1 1.000E-004
CCS Train B Discharge Check Valve Fails
C-CKV-CC-B |to Open 1 1.0E-4 LOG NORMAL 10 CKV-T1 1.000E-004
C-MOV-CC-1 | CCS Suction Isolation Valve Fails to Open 1 2.0E-4 LOG NORMAL 10 MOV-S1 2.000E-004
C-MOV-CC-A | CCS Train A Discharge MOV Fails to Open 1 1.0E-3 LOG NORMAL 10 MOV-T1 1.000E-003
C-MOV-CC-B | CCS Train B Discharge MOV Fails to Open 1 1.0E-3 LOG NORMAL 10 MOV-T1 1.000E-003
C-PMP-FR-A |CCS Pump A Fails to Run 3 2.1E-5 24 LOG NORMAL 5 PMP-T2 5.039E-004
C-PMP-FR-B |CCS Pump B Fails to Run 3 2.1E-5 24 LOG NORMAL 5 PMP-T2 5.039E-004
C-PMP-FS-A | CCS Pump A Fails to Start 1 1.2E-3 LOG NORMAL 10 PMP-T1 1.200E-003
C-PMP-FS-B | CCS Pump B Fails to Start 1 1.2E-3 LOG NORMAL 10 PMP-T1 1.200E-003
ECS Train A Discharge Check Valve Fails
E-CKV-CC-A |to Open 1 1.0E-4 LOG NORMAL 10 CKV-T1 1.000E-004
ECS Train B Discharge Check Valve Fails
E-CKV-CC-B |to Open 1 1.0E-4 LOG NORMAL 10 CKV-T1 1.000E-004
E-MOV-CC-1 | ECS Suction Isolation Valve Fails to Open 1 2.0E-4 LOG NORMAL 10 MOV-S1 2.000E-004
E-MOV-CC-A |ECS Train A Discharge MOV Fails to Open 1 1.0E-3 LOG NORMAL 10 MOV-T1 1.000E-003
E-MOV-CC-B | ECS Train B Discharge MOV Fails to Open 1 1.0E-3 LOG NORMAL 10 MOV-T1 1.000E-003
E-PMP-FR-A | ECS Pump A Fails to Run 3 2.1E-5 24 LOG NORMAL 5 PMP-T2 5.039E-004
E-PMP-FR-B | ECS Pump B Fails to Run 3 2.1E-5 24 LOG NORMAL 5 PMP-T2 5.039E-004
E-PMP-FS-A |ECS Pump A Fails to Start 1 1.2E-3 LOG NORMAL 10 PMP-T1 1.200E-003
E-PMP-FS-B |ECS Pump B Fails to Start 1 1.2E-3 LOG NORMAL 10 PMP-T1 1.200E-003
LOSP Loss of Offsite Power N 2.3 LOG NORMAL 10 LOSP-1 2.300E+000
S-DGN-FR-A | Diesel Generator A Fails to Run 3 8.9E-4 24 LOG NORMAL DGN-T2 2.113E-002
S-DGN-FR-B | Diesel Generator B Fails to Run 3 8.9E-4 24 LOG NORMAL DGN-T2 2.113E-002
S-DGN-FS-A | Diesel Generator A Fails to Start 1 4.0E-3 LOG NORMAL DGN-T1 4.000E-003
S-DGN-FS-B | Diesel Generator B Fails to Start 1 4.0E-3 LOG NORMAL 3 DGN-T1 4.000E-003
S-TNK-FC-T1 | RWST Supply Fails 3 1.0E-7 24 LOG NORMAL 10 TNK-T1 2.400E-006
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-

| 6 |FauItTreeCutSetSoIving

% Solve Cut Sets for ECS (FT) = <
Seftings | Results
WOI’kShOp Objectives Cut Set Truncation Options Solve For Model Types
By Probability |Global - 1.00E-13
Model Types
By Size Hone - =1 (¥ RANDOM
The Fault Tree Cut Set Solving workshop accompanies Section 8 PHASE_1
in the training manual. The workshop objectives are to practice Solve using Flag Set
generating fault tree cut sets, experiment with various truncation Threads to use on solve |1 5
options, and display the cut set results.
Cuantification Method
* Min Cut Upper Bound -

Workshop Instructions

Solve starting at gate

1. Inthe WKSP-1 project, view all fault trees by choosing “All”

from the drop down menu at the top of the Fault Trees list Ssiior Sieos
panel. | Soblve for Cut Sets

Apply Post-processing Rules
| Update / Quantify Cut Sets

2. Practice highlighting the fault trees by highlighting them 7] Quantify Cut Sets
individually, or highlight multiple fault trees by using the Copy el Seis o omnal Case
common Shift+Click or CTRL+Click operations. Clear Current Case (Al Models)

Copy Cut Sets to Nominal Case (Al Models)

3. Highlight just the ECS fault tree. [ sove | [ X ciose |

4. Right click the mouse and select Solve to generate fault tree cut sets.
Specify truncation parameters as shown to the right and press OK to generate cut sets.

Note that the Global parameters are set in the Project —» User Settings — Analysis Options menu.
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5. When cut set generation is complete, the Cut Set Generation Results window should display the following;

& Solve Cut Sets for ECS (FT) =N ===

Settings | Results

Processing completed

Name Value # Cut Sets
ECS 2.532E-02 28

Elapsed Time:  00:00:00.063 Cut Sets

[ o Solve ] l xgluse]

6. Click Close to close out the Cut Set Generation Results window. With the ECS fault tree still highlighted, right click the mouse and select
the View — Cut Sets option. This option will default to show the current case cut sets generated. The pull down menu at the top-right of the
window allows view of the nominal case or a comparison of the two. Compare the current case cut sets for ECS to those shown in Figure 11.
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@ Cut Sets for ECS (FT Cut Sets) [ = 3]
ijecr:y - _DEMO-MDL-BASICS - New DEMO model for instructional use (SAPHIRE Basics) Current Case hd

Project Folder:  C\Saphire 8-PRE\DEMO PROJECTS\demo-model
Model i’ype;.; RANDOM
-

[ Show MT |[ Show Phase |

Criginal
# Cases | Prob/Freq | Total & Cut Sets
2.532E-2 100 Displaying 28 Cut Sets. (28 Onginal)

1 C 2 113E-2 83.46 S-DGN-FR-A

+e 2 C 4 000E-3 15.80 S-DGN-F5-A

+ 3 C 2. 000E-4 0.79 E-MOV-CCA1

+ 4 C 2 536E-5 010 E-PMP-FS-A,S-DGN-FR-B
+- B C 2 M3E-5 0.08 E-MOV-CC-A 5-DGM-FR-B
4 B C 1.065E-5 0.04 E-PMP-FR-A, 5-DGN-FR-B
7 C 4 800E-6 0.02 E-PMP-FS-A, S-DGN-FS-B
+- B C 4 000E-6 0.02 E-MOV-CC-A,5-DGN-FS-B
+- 9 C 2 400E-6 < 0.01 S-THNK-FC-T1

# 10 C 2 M3E-6 = 0.01 E-CKV-CC-A S-DGN-FR-B
+ 11 C 2.015E-6 < 0.01 E-PMP-FR-A, 5-DGN-FS-B
+ 12 C 1.440E-6 < 0.01 E-PMP-FS-A E-PMP-F5-B
+ 13 C 1.200E-6 < 0.01 E-MOV-CC-B,E-PMP-FS-A
# 14 C 1.200E-6 < 0.01 E-MOV-CC-A E-PMP-FS-B
# 15 C 1.000E-6 = 0.01 E-MOV-CC-A E-MOV-CC-B
+ 16 C 6.046E-7 < 0.01 E-PMP-FR-B . E-PMP-FS-A
+ 17 C 6.046E-7 < 0.01 E-PMP-FR-A E-PMP-F5-B
+ 18 C F039E-7T <001 E-MOW-CC-B,E-PMP-FR-A
+ 19 C 5039E-7T =00 E-MOV-CC-A E-PMP-FR-B
# 20 C 4 000E-7 =001 E-CKV-CC-A S-DGN-FS-B
# 21 C 2539E-T  <=0.01 E-PMP-FR-A E-PMP-FR-B
22 C 1.200E-T <001 E-CKWV-CC-B E-PMP-FS-A
- 23 C 1200E-7 <001 E-CKV-CC-A E-PMP-FS-B
- 24 C 1.000E-7 <001 E-CKV-CC-B E-MOV-CC-A
# 25 C 1.000E-7 =001 E-CKV-CC-A E-MOV-CC-B
+# 26 C 5.039E-8 = 0.01 E-CKV-CC-B E-PMP-FR-A
+ 27 C 5.039E-8 < 0.01 E-CKV-CC-A E-PMP-FR-B
28 C 1.000E-8 < 0.01 E-CKV-CC-A E-CKV-CC-B

[ Publish ] [SaveboEndSiate] [ X Close ]

Figure 11. ECS fault tree cut set results (1E-10 truncation).
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7. Repeat steps 3 through 6 for the CCS fault tree. Compare the cut sets for CCS to those shown in Figure 12.

8. If you wanted to, Publish and Print a hard copy report of the CCS fault tree cut sets using the button and choosing a format.
Printing options are available from the published format.

9. If your fault tree cut set results do not match, proceed with Fault Tree “Debugging” Tips:

Fault tree construction data entry errors or inappropriate truncation limits can cause problems that prevent cut set solving. Examples
of typical problems include:

Incorrect failure probabilities, calculation types, or failure rates specified
Incorrect fault tree logic gates used (e.g., OR-gate instead of AND-gate)
Very low truncation limits combined with large models may take a long time to generate cut sets.
10. Looking at the results for the ECS and CCS fault trees, consider the following questions:
What is the quantified value saying with regard to the individual system?
What happens if the quantification method is changed (i.e., Min Cut versus Rare Event versus Min/Max)?
What happens if the truncation is increased (i.e., 1E-6, 1E-5, or 1E-3)?
What happens if truncation is lowered (i.e., 1E-15, 1E-20, or no truncation)?

How would you determine appropriate truncation level and quantification method?

11. Rerun fault tree cut set analysis for each fault tree with the original workshop settings before going to next workshop.
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%% Cut Sets for CCS (FT Cut Sets)

Mode.l'i’yptii RANDOM

oo )

Project: q _DEMO-MDL-BASICS - New DEMO model for instructional use [SAPHIRE Basics) Current Case -
Project Foider:  C\Saphire 8-PRE\DEMO PROJECTS\demo-model

[ Show MT ][ Show Phase ]
Qriginal
i Cases | ProbfFreq | Total % Cut Sets
2.532E-2 100 Displaying 28 Cut Sets. (28 Original)
+- 1 C 2.1M3E-2 83.46 S-DGH-FR-B
+- 2 C 4 000E-3 15.80 S-DGM-F5-B
+- 3 C 2.000E4 0.79 C-MOWV-CC-
+- 4 C 2 536E-5 010 C-PMP-F5-B.5-DGN-FR-A
+- B C 2 1M3E-5 0.08 C-MOV-CC-B,5-DGN-FR-A
+ 6 C 1.065E-5 0.04 C-PMP-FR-B.5-DGN-FR-A
* T C 4 800E-6 0.02 C-PMP-F5-B.5-DGN-FS5-A
+- 8 C 4. 000E-6 0.0z C-MOV-CC-B,5-DGN-FS-A
+- 9 C 2 400E-B = 0.01 S-TMK-FC-T1
+- 10 C 2 113E-6 < 0.01 C-CKV-CC-B.5-DGN-FR-A
+ 11 C 2 015E-6 = 0.01 C-PMP-FR-B.S-DGN-FS-A
+- 12 C 1.440E-6 < 0.01 C-PMP-F3-A C-PMP-F5-B
+- 13 C 1.200E-6 < 0.01 C-MOV-CC-B.C-PMP-FS-A
+- 14 C 1.200E-6 < 0.01 C-MOV-CC-A.C-PMP-F5-B
+- 15 C 1.000E-6 < 0.01 C-MOV-CC-A,C-MOV-CC-B
+- 16 C 6.046E-7 < 0.01 C-PMP-FR-B.C-PMP-FS-A
# 17 C 6.046E-7 < 0.01 C-PMP-FR-A,C-PMP-FS-B
+- 18 C 5.039E-7 = 0.01 C-MOV-CC-A,C-PMP-FR-B
+- 19 C 5.039E-7 < 0.01 C-MOV-CC-B.C-PMP-FR-A
+- 20 C 4 000E-7 = 0.01 C-CKV-CC-B.S-DGN-FS-A
+- 21 C 2.539E-T < 0.01 C-PMP-FR-A,C-PMP-FR-B
+- 22 C 1.200E-7 = 0.01 C-CKN-CC-B.C-PMP-FS-A
+- 23 C 1.200E-7 < 0.01 C-CKV-CC-A.C-PMP-F5-B
+- 24 C 1.000E-7 < 0.01 C-CKV-CC-B.C-MOV-CC-A
+- 25 C 1.000E-7 < 0.01 C-CKV-CC-A.C-MOV-CC-B
+- 26 C 5 039E-8 < 0.01 C-CKV-CC-A.C-PMP-FR-B
+ 27 C 5.039E-8 < 0.01 C-CKN-CC-B.C-PMP-FR-A
+- 28 C 1.000E-8 < 0.01 C-CKM-CC-A_C-CKN-CC-B

[ Publish ][SavetoEndSiﬁte] [ X Close ]

Figure 12. CCS fault tree cut set results (1E-10 truncation).
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| ; | Fault Tree Uncertainty Analysis

Workshop Objectives

Idaho National Laboratory

The Fault Tree Uncertainty Analysis workshop accompanies Section 9 in the Basics training manual. The workshop objectives are to perform
uncertainty analyses and review the results.

% Uncertainty for: ECS (FT) EI@
Workshop Instructions ECS - Emergency Cooling System
. . Calculation Parameters Uncertainty Results . o
1. Inthe WKSP-1 project Fault Tree List Panel menu e e o Cumulative Distribution
. . . . Sample Size 0 ! ! |
hlghllght the ECS .system,.rlght mouse click, anq select Fandom  Seas e fandoms Seed 0
the View Uncertainty option. Enter the uncertainty Events 14
. Uncertainty Method
calculation values as shown, and press OK to perform L Cutsets = 2
) i LTS Point Est 2532602 =
the uncertainty analysis. Note that we assume the © Wonte Cario S— —— - s
fault tree cut sets were generated using a 1E-10 Intermediate Valies | Saphire Format | | 5t % Val 0.000E+00 =
. Median Val. 0.000E+00
truncation. B 95th % Val. 0.000E+00
Min Sample Val.  0.000E+00 !
Max Sample Val.  0.000E+00 -5.5E-27 2.0E-11  40E-11  B.0E-11  8.0E-11
Standard Dev.  0.000E+00 Ly ey
2. Compare your results to Table 2. Repeat for the CCS Skewness 0.000E+00
. ’ @ Cumulative Logarithmic " axis
fault tree. Note: The results shown in Table 2 were Kurtosis 0.000E+00 Densiy Logarihmic X axis
generated using Monte Carlo sampling with 3,000
samples and a random seed number of 12345. [Resuts Tabe | X ciose

3. Display results by clicking the button.
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4. Vary the uncertainty method, number of samples, and seed. How might you decide on an appropriate number of samples?

5. Rerun uncertainty results with original workshop settings before going to next workshop.

% Uncertainty for : ECS (FT) = =[]
ECS - Emergency Cooling System
Calculation Parameters Uncertainty Resulis
Cumulative Distribution
Mumber of Samples 3000 Sample Size 2000
Random # Seed 12345 Random # Seed 12345
Events 14
Uncertainty Method
neertainty Metho Cutsets 28
= LT Point Est. 2.532F-02
L ATTEEET Mean Val. 2.548E-02
Intermediate Values Saphire Format Sth % Val 9.133E-03
Median “al. 21T0E-02
T, 95th % “al. 5.47T9E-02
Save As...
Min Sample Val. 3.92TE-03
Max Sample Val. 1.3592E-01 2 0E-2 4 0E-2 8.0E-2 2.0E-2
Standard Dev.  1.540E-02 [P e 1 L IET=)
Skewness 2.062E+00 i o .
'@ Cumulative [ Logarithmic * axis
Kurtosis 9. 674E+00 . L .
) Density |:| Logarithmic X axis
Results Table x Close

Table 2. CCS and ECS uncertainty results (cut set truncation of 1E-10).

Current Point Cut Set | Mean Median Standard | 5th 95th Seed Num of Samples
Case Name | Estimate | Count Dev.

CCSs 2.532E-02 | 28 2.548E-02 | 2.170E-02 | 1.540E-02 | 9.133E-03 | 5.479E-02 | 12345 | 3000

ECS 2.532E-02 | 28 2.548E-02 | 2.170E-02 | 1.540E-02 | 9.133E-03 | 5.479E-02 | 12345 | 3000
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| 8 | Fault Tree Importance Analysis

Workshop Objectives

The Fault Tree Importance Analysis workshop accompanies Section 10 in the training manual. The workshop objective is to perform importance
measure analyses using the traditional measures defined within SAPHIRE.

Workshop Instructions % Importance Measures - CCS (FT) =N B =)
PointEst [Fv |mR |RRR [BB  |[mn [RRI | unc(std. Dev)
1. Inthe WKSP-1 project Fault Tree List = I
Panel menu hlghllght the CCS SyStem, Name Count Prob. Fv RIR RRR Birnkaum Rl RRI Uncertainty Descri..
. . . S DGN-FR-A 4 2113E-02 2.340E-03 1.108E+.. 1.002E+. 273E-03 2673E-03 5776E-05 4.373E-05 Diesel..
right mouse click, and select the View 5 DGN-FR-B 1 2113E-02  B.346E-01 3.949F+.. GS.O17E+. OO5TE-01 OT4TE-01 2.104E-02 1.595E-02  Diesel..
Importance Measures option. The point S DGN-FS-A 4 4.000E-03 4.429E-04 1.107E+.. 1.000E+.. 2730E-03 2719E-03 1.093E-05 8.188E-06 Diesel..
. . 5 DGN-FS-B 1 4000E-03 1.580E-01 3.949F+. 1.183E+.. OTB6E-01 O747E-01 3.914E03 2935603 Diesel..
estimates of all the importance measures C-PMP-FS-A 4 1200E-03 1.329E-04 41.108E+.. 1.000E+.. 2730E-03 2727E-03 3279E-06 B.088E-06 CCSP..
are available from the first window. C-PMP-FS-B 5 1200E-03 1.324E-03 2.068F+.. 1.001E+.. 2708E-02 2704E-02 3268605 B8.021E-05 CCSP..
C-MOV-CC-A 4 1.000E-03  1.107E-04 1.108E+.. 1.000E+.. 2730E-03 2728E-03 2733E-06 6.740E-06 CCST..
C-MOV-CC-B 5 1.000E-03  1.103E-03 2.068E+.. 1.001E+.. 2708E-02 2705E-02 2723605 6.685E-05 CCST..
2. The tabs on the top of the window (F-V, C-PMP-FR-A 4 5.039E-04 5579E-05 1.108E+.. 1.000E+.. 2730E-03 2729E-03 1.377E-06 1743E-06 CCSP..
C-PMP-FR-B 5 S.039E-04 5.5S9E-04 2.069E+.. 1.001E+.. 2708E-02 2706E-02 1.372E-05 1729E-05 CCSP..
RIR, BB, RIl, RRI, and Unc (Std. Dev) are C-MOV-CC-1 1 2.000E-04 7.893E-03 3.949E+. 1.008E+. O749E-01 9747E-01 18950E-04 4.313E-04 CCS .
for uncertainty around the point estimates C-CKVCC-A 4 1.000E-04 1.107E-05 1.108E+.. 1.000E+.. 2730E-03 2730E-03 2733E-07 6.740E-07 CCST..
} ; ) ) C-CKV-CC-B 6 1.000E-04 1.103E-04 2.069E+.. 1.000E+.. 2708E-02 2707E-02 2723E06 6.684E06 CCST..
covered in this section. An example IS S-TNK-FC-T1 1 2.400E-05 9D.478E-05 3.940E+.. 1.000E+.. O.747E-01 9.747E-01 2.339E-06 S775E-06 RWST..
given following the point estimation
exercises of steps 3 and 4.
£ mr k
[ checkal| [uncheck A Pupish | | € close |
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3. To sort the results with respect to a specific importance measure, click on the desired column heading. For example, to sort for increasing
Fussell-Vesely importance, click on the FV column heading. Compare your CCS importance measure results to;
Figure 13 sorted for the Fussell-Vesely (FV) measures,
Figure 14 sorted for the Risk Increase Ratio (RIR) importance measures,
Figure 15 sorted for the Uncertainty importance measures, and
Figure 16 sorted for the Birnbaum importance measures.

4. Repeat the steps above for the ECS system. Compare your ECS importance measure results to;
Figure 17 sorted for the Fussell-Vesely (FV) measures,
Figure 18 sorted for the Risk Increase Ratio (RIR) importance measures,
Figure 19 sorted for the Uncertainty importance measures, and
Figure 20 sorted for the Birnbaum importance measures.
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* Importance Measures - CC5 (FT)

PointEst |Fv |RR [RRR [BB |Ru

| RR1 | unc (std. Dev)

oo e |

Data Plot Report
MName Count Prob. P : RIR RRRE Birnbaum Rl RRI Uncertainty Description

S-DGN-FR-B 1 2 113E-02 B3.346E-01 3.049E+01 5.917E+00 9.957E-01 OT747E-01 2104E-02 1.595E-02 Diesel Generator ...
S-DGN-FS-B 1 4.000E-03 15B0E-01 3.049E+01 1.183E+00 O.7B6E-01 OT4TE-01 3914E-03 2935E-03 Diesel Generator ...
C-MOV-CC-1 1 2.000E-04 T7.203E-03 3.0409E+01 1.008E+00 O.749E-01 O.747E-01 1950E-04 4313E-04 CCS Suction lzola...
S-DGM-FR-A 4 2 113E-02 2.340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 S57T7BE-05 4.373E-05 Diesel Generator ...
C-PMP-F5-B [ 1.200E-03 1.324E-03 2.068E+00 1.001E+00 270BE-02 2704E-02 326BE-05 B.021E-05 CCSPump B Fails...
C-MONV-CC-B 6 1.000E-03 1.103E-03 2.088E+00 1.00ME+00 2708E-02 2705E-02 2723E-05 6.885E-05 CCS Train B Disc...
C-PMP-FR-B [ 5.039E-04 5550E-04 2069E+00 1.001E+00 270BE-02 2706E-02 1.372E-05 1.72%E-05 CCSPump B Fails...
S-DGN-FS-A 4 4.000E-03 4.420E-04 1.107E+00 1.000E+00 2730E-03 2719E-03 1.093E-05 &.13BE-06 Diesel Generator ...
C-PMP-F5-A 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2.730E-03 272VE-03 3J279E-06 &8.088E-06 CCS PumpAFails...
C-MOV-CC-A 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2730E-03 2728E-03 273I3E-06 6. T740E-06 CCS TrainADisc...
C-CKV-CC-B [ 1.000E-04 1.103E-04 2.069E+00 1.000E+00 270BE-02 2707VE-02 2723E-06 6634E-06 CCS Train B Disc...
S-TNK-FC-T1 1 2 400E-06 9.473E-05 3.9409E+01 1.000E+00 O.747E-01 OT4TE-01 2339E-06 5S.77SE-06 RWST Supply Fails
C-PMP-FR-A 4 5.039E-04 5573E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1377E-06 1.743E-06 CCSPumpA Fails...
C-CKNV-CC-A 4 1.000E-04 1.107E-05 1.108E+00 1.000E+00 2730E-03 2730E-03 273I3E-0F 6. T7T40E-07 CCS Train ADisc...
| checkail | [uncheckail Pubish | | % Close |

Figure 13. CCS system ratio importance measure results sorted by Fussell-Vesely (cut set truncation of 1E-10).
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%% Importance Measures - CCS (FT) i =l e [ R 5|

PointEst |Fv |RR |RRR |BB |RI  [RRI | Unc(Std Dev)

Data Plot Report

Name Count Prob. P RIR : RRR Birnbaum Rl RRI Uncertainty Description

C-MOV-CC-1 1 2000E-04 7.898E-03 3.949E+01 1.008E+00 9.749E-01 9747E-01 1950E-04 4.813E-04 CCS Suction s...
5-DGN-FR-B 1 2113E-02 B8.346E-01 3.949E+01 5917E+00 9.957E-01 9747E-01 2104E-02 1595E-02 Diesel Generat...
S-DGN-FS-B 1 4000E-03 1580E-01 3.949E+01 1.183E+00 9.786E-01 9.747E-01 3.914E-03 2935E-03 Diesel Generat...
S-TNK-FC-T1 1 2.400E-06 9.47SE-05 3.949E+01 1.000E+00 O.T4TE-01 9.747E-01 2.339E-06 5.77SE-06 RWST Supply F...
C-CKV-CC-B 6 1.000E-04 1.103E-04 2.069E+00 1.000E+00 2708E-02 2707E-02 2723E-06 66B4E-06 CCS Train B Di.
C-PMP-FR-B 6 5.039E-04 5.559E-04 2.069E+00 1.001E+00 2708E-02 2706E-02 1.372E-05 1729E-05 CCSPumpBFa...
C-MOV-CC-B 5 1.000E-03 1.103E-03 2.068E+00 1.001E+00 2708E-02 2705E-02 2723E-05 6.685E-05 CCS Train B Di.
C-PMP-FS-B 6 1.200E-03 1.324E-03 2.068E+00 1.001E+00 2708E-02 2704E-02 3.2686-05 B.021E-05 CCSPumpBFa...
C-CKV-CC-A 4 1.000E-04 1.107E-05 1.108E+00 1.000E+00 2730E-03 2730E-03 2733E-07 6.740E-07 CCS Train ADis...
C-MOV-CC-A 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2730E-03 2728E-03 2733606 6.740E-06 CCS TrainADis...
C-PMP-FR-A 4 5.039E-04 5.579E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1.377E-06 1743E-06 CCSPumpAFa...
C-PMP-FS-A 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2730E-03 2727E-03 3.279E-06 B.088E-06 CCSPumpAFa...
S DGN-F5-A 4 4000E-03 4.429E-04 1.107E+00 1.000E+00 2730E-03 2719E-03 1.083E-05 8.188E-06 Diesel Generat...
S-DGN-FR-A 4 2113E-02 2340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 5776E-05 4.373E-05 Diesel Generat...
| checkail | [uncheckall | Puish | [ X Close |

Figure 14. CCS system ratio importance measure results sorted by risk increase ratio (cut set truncation of 1E-10).
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PointEst |Fv |RR |RRR |BB |RI  [RRI | Unc(Std Dev)

Data Plot Report

Name Count Prob. P RIR RRR Birnbaum Rl RRI Unu:er't... Description

S-DGN-FR-B 1 2113E-02 B.346E-01 3.949E+01 5.917E+00 9.957E-01 9747E-01 2104E-02 1.5956-02 Diesel Generat...
5-DGN-F5-B 1 4.000E-03 1580E-01 3.949E+01 1.183E+00 O.786E-01 9747E-01 3914E-03 2935603  Diesel Generat...
C-MOV-CC-1 1 2000E-04 7.898E-03 3.949E+01 1.008E+00 9.749E-01 9747E-01 1950E-04 4.813E-04 CCS Suction s...
C-PMP-FS-B 5 1.200E-03 1.324E-03 2.068E+00 1.001E+00 2.708E-02 2704E-02 3.2686-05 B.021E-05 CCSPumpB Fa...
C-MOV-CC-B 6 1.000E-03 1.103E-03 2.068E+00 1.001E+00 2708E-02 2705E-02 2723E-05 6685E-05 CCS Train B Di..
S-DGN-FR-A 4 2113E-02 2340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 5776E-05 4.373E-05 Diesel Generat...
C-PMP-FR-B 5 5.039E-04 5.559E-04 2Z.069E+00 1.001E+00 2708E-02 2708E-02 1.372E-05 1729E-05 CCSPumpBFa..
S DGN-F5-A 4 4000E-03 4.429E-04 1.107E+00 1.000E+00 2730E-03 2719E-03 1.083E-05 B5.188E-06 Diesel Generat...
C-PMP-FS-A 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2730E-03 2727E-03 3.279E-06 B.088E-06 CCSPumpAFa...
C-MOV-CC-A 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2730E-03 2728E-03 2733E-06 G.J40E-06 CCS TrainADis...
C-CKV-CC-B 6 1.000E-04 1.103E-04 2.069E+00 1.000E+00 2708E-02 2707E-02 2723E-06 6.6B84E-06 CCS Train B Di..
S-TNK-FC-T1 1 2.400E-06 9.47SE-05 3.949E+01 1.000E+00 O.T47E-01 9747E-01 2.339E-06 577SE-06  RWST Supply F...
C-PMP-FR-A 4 5.039E-04 5579E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1.377E-06 1.743E-06 CCSPumpAFa..
C-CKV-CC-A 4 1.000E-04 1.107E-05 1.108E+00 1.000E+00 2730E-03 2730E-03 2733E-07 6.740E-07  CCS TrainADis...
| checkail | [uncheckall | Puish | [ X Close |

Figure 15. CCS system uncertainty importance measure results sorted by Uncertainty (cut set truncation of 1E-10).
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PointEst |Fv |RR |RRR |BB |RI  [RRI | Unc(Std Dev)
Data Plot Report
Name Count Prob. P RIR RRR Birn I:; Rl RRI Uncertainty Description

S-DGMN-FR-B 1 2113E-02 38.345E-01 3.545E+01 S5917E+00 S557E-01 9 74VE-01 2104E-02 1.585E-02 Diesel Generat...
S-DGN-F3-B 1 4. 000E-03 1.580E-01 3.949E+01 1.183E+00 9 7F36E-01 9747E-01 3J914E-03 2935E-03 Diesel Generat...
C-MOW-CC-1 1 2.000E-04 T7.8598E-03 3.545E+01 1.008E+00 S.745E-01 9 747YE-01 1.950E-04 4813E-04 CCS Suction ls...
S-TNEK-FC-T1 1 2.400E-06 S473E-05 3.945%9E+01 1.000E+00 9S.747E-01 9.747E-01 2.339E-06 S77SE-06 RWST Supply F...
C-PMP-F5-B & 1.200E-03 1.324E-03 2068E+00 1.00ME+00 2.708E-02 2704E-02 3263E-05 S.021E-05 CCSPumpB Fa...
C-MOW-CC-B [ 1.000E-03 1.103E-03 Z2.088E+00 1.001E+00 2.708E-02 27O0SE-02 2723E-05 &S.685E-05 CCSTrainBDi..
C-PMP-FR-B 6 5.039E-04 S.555E-04 2085E+00 1.0ME+00 2.708E-02 27T06E-02 1.372E-05 1.729E-05 CCSPumpB Fa...
C-CKV-CC-B 5] 1.000E-04 1.103E-04 2.060E+00 1.000E+00 2.708E-02 2707E-02 2T723E-06 6634E-06 CCS TrainB Di...
S-DGMN-FR-A 4 21M3E-02  2.340E-03 1.108E+00 1.002E+00 2.731E-03 2873E-03 S577SE-05 4373E-05 DieselGenerat...
S-DGN-FS-A 4 4.000E-03 4.420E-04 1.107E+00 1.000E+00 2730E-03 2719E-03 1.093E-05 &.188E-06 Diezel Generat...
C-PMP-F5-A 4 1.200E-03 1.325E-04 1.108E+00 1.000E+00 2.730E-03 272VE-03 3275E-06 &2.083E-06 CCSPumpAFa..
C-MON-CC-A 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2.730E-03 2728E-03 2T733E-06 &6.740E-06 CCS TrainADis...
C-PMP-FR-A 4 5.039E-04 GS57OE-05 1.108E+00 1.000E+00 2.730E-03 2720E-03 41.377E-06 1.743E-06 CCSPumpAFa..
C-CRW-CC-& 4 1.000E-04 1.107FE-05 1.108E+00 1.000E+00 2.730E-03 2730E-03 2733E-07 &6.740E-07 CCSTrainADis...

| checkail | [uncheckall | Puish | [ X Close |

Figure 16 . CCS system difference importance measure results sorted by Birnbaum (cut set truncation of 1E-10).
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PoitEst. |F-v |RR |RRR |BB |R1  |RRI | uUnc(std Dev)
Data Plot Report
Name Count Prob. Fv : RIR RRR Birnbaum Rl RRI Uncertainty Description

S-DGN-FR-A 1 2113E-02 B8.346E-01 3.949E+01 G5.O17E+00 9.957E-01 O.747E-01 2104E-02 1595E-02 Diesel Generator ..
S-DGN-FS-A 1 4000E-03 1.580E-01 3.949E+01 1.183E+00 9.786E-01 O.747E-01 3.914E-03 2935E-03 Diesel Generator ..
E-MOV-CC-1 1 2000E-04 7.398E-03 3.949E+01 1.008E+00 9.749E-01 O.747E-01 1.950E-04 4.813E-04 ECS Suction lsolati...
S-DGN-FR-B 4 2113E-02 2.340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 5.776E-05 4.373E-05 Diesel Generator ..
E-PMP-FS-A g 1.200E-03 1.324E-03 2.088E+00 1.001E+00 2708E-02 2704E-02 3.268E-05 8.021E-05 ECSPumpAFailst..
E-MOV-CC-A 6 1.000E-03 1.103E-03 2.068E+00 1.001E+00 2.708E-02 2705E-02 2723E-05 6.685E-05 ECS Train ADisch...
E-PMP-FR-A 6 5.039E-04 5.559E-04 2.069E+00 1.001E+00 2708E-02 2706E-02 1.372E-05 1729E-05 ECSPumpAFailst..
S-DGN-FS-B 4 4000E-03 4.420E-04 1.107E+00 1.000E+00 2730E-03 2719E-03 1.093E-05 B8.188E-06 Diesel Generator .
E-PMP-FS-B 4 1.200E-03 1.329E-04 1.108E+00 1.000E<00 2.730E-03 2727E-03 3.279E-06 B8.088E-06 ECS Pump B Fails ...
E-MOV-CC-B 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2.730E-03 2728E-03 2733E-06 6.740E-06 ECS Train B Disch...
E-CKV-CC-A 6 1.000E-04 1.103E-04 2.069E+00 1.000E+00 2.708E-02 2707E-02 2723E-06 6.684E-06 ECS Train ADisch...
S-TNK-FC-T1 1 2400E-06 O0.47BE-05 3.949E+01 1.000E+00 9.747E-01 O.747E-01 2339E-06 S.77SE-068 RWST Supply Fails
E-PMP-FR-B 4 5.039E-04 5.579E-05 1.108E+00 1.000E+00 2.730E-03 2729E-03 1.377E-06 1743E-06 ECS Pump B Fais ...
E-CKV-CC-B 4 1.000E-04 1.107E-05 1.108E+00 1.000E+00 2.730E-03 2730E-03 2733E-07 6.740E-07 ECS Train B Disch...
| check Al | [uncheckail | Puish | | X Ciose |

Figure 17. ECS system ratio importance measure results sorted by Fussell-Vesely (cut set truncation of 1E-10).
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PointEst |Fv |RR |RRR |BB |RI | RRI | Unc(Std. Dev)

Data Plot Report

Name Count Prob. Fv RIR . RRR Birnbaum Rl RRI Uncertainty Description

S-DGN-FR-A 1 2113E-02 B8.346E-01 3.949E+01 S5917E+00 9.957E-01 9747E-01 2104E-02 1595E-02 Diesel Generator A Fai...
S-DGN-FS-A 1 4.000E-03 1580E-01 3.949E+01 1.183E+00 9.786E-01 9747E-01 3.914E-03 2935603 Diesel Generator A Fai...
E-MOV-CC-1 1 2.000E-04 T7.89BE-03 3.949E+01 1.008E+00 9.749E-01 S747E-01 1950E-04 4.813E-04 ECS Suction Isolation ...
S-TNK-FC-T1 1 2.400E-06 O9.47BE-05 3.949E+01 1.000E+00 9.747E-01 S747E-01 2339E-06 S77SE-06 RWST Supply Fails
E-PMP-FR-A 6 5.039E-04 5.559E-04 2.069E+00 1.001E+00 2708E-02 2706E-02 1.372E-05 1729E-05 ECSPumpAFailstoR...
E-CKV-CC-A 6 1.000E-04 1.103E-04 2.069E+00 1.000E+00 2708E-02 2707E-02 2723E-06 6684E-06 ECS Train ADischarg...
E-PMP-FS-A 6 1.200E-03 1.324E-03 2.068E+00 1.001E+00 2708E-02 2704E-02 3.268E-05 B.021E-05 ECSPumpAFaistoS...
E-MOVLCC-A 6 1.000E-03 1.103E-03 2.068E+00 1.001E+00 2708E-02 2705E-02 2723E-05 6685E-05 ECS Train ADischarg...
E-PMP-FS-B 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2730E-03 2727E-03 3.279E-06 BS.088E-06 ECSPumpB FailstoS..
E-MOV-CC-B 4 1.000E-03 1.10TE-D4 1.108E+00 1.000E+00 2730E-03 2728E-03 2733E-06 6.740E-06 ECS Train B Discharg...
E-PMP-FR-B 4 5.039E-04 S5.579E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1.377E-06 1743E-06 ECS Pump B Fails to R...
E-CKV-CC-B 4 1.000E-04 1.107E-05 1.108E+00 1.000E+00 2730E-03 2730E-03 2733E-07 6740E-07 ECS Train B Discharg...
5-DGN-FS-B 4 4.000E-03 4.429E-04 1.107E+00 1.000E+00 2730E-03 2718E-03 1.093E-05 8.188E-06 Diesel Generator B Fa...
5-DGN-FR-B 4 2113E-02  2.340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 5776E-05 4.373E-05 Diesel Generator B Fa...
| checkcall | [uncheck Al | pubish | | X Ciose |

Figure 18. ECS system ratio importance measure results sorted by risk increase ratio (cut set truncation of 1E-10).
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PointEst |Fv |RR |RRR |BB |RI | RRI | Unc(Std. Dev)

Data Plot Report

Name Count Prob. Fv RIR RRR Birnbaum Rl RRI Unu:er't... Description

S-DGN-FR-A 1 2113E-02 B8.346E-01 3.949E+01 5917E+00 9.957E-01 9747E-01 2104E-02 1585E-02  Diesel Generator A Fai...
S-DGN-FS-A 1 4.000E-03 1580E-01 3.949E+01 1.183E+00 9.786E-01 9747E-01 3.914E-03 2935E-03  Diesel Generator A Fai...
E-MOV-CC-1 1 2.000E-04 T7.898E-03 3.949E+01 1.008E+00 9.749E-01 S747E-01 1950E-04 4.813E-04 ECS Suction Isolation ...
E-PMP-FS-A 6 1.200E-03 1.324E-03 2.068E+00 1.001E+00 2708E-02 2704E-02 3.268E-05 8.021E-05 ECSPumpAFaistoS...
E-MOV-CC-A 6 1.000E-03 1.103E-03 2.068E+00 1.001E+00 2708E-02 2705E-02 2723E-05 6.685E-05 ECS Train ADischarg...
5-DGN-FR-B 4 2113E-02  2.340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 S5776E-05 4.373E-05 Diesel Generator B Fa...
E-PMP-FR-A 6 5.039E-04 5.559E-04 2.069E+00 1.001E+00 2708E-02 2706E-02 1.372E-05 1.729E-05 ECS PumpA FailstoR...
5-DGN-FS-B 4 4.000E-03 4.429E-04 1.107E+00 1.000E+00 2730E-03 2718E-03 1.093E-05 B8.188E-06 Diesel Generator B Fa...
E-PMP-FS-B 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2730E-03 2727E-03 3.279E-06 8.088E-06 ECS PumpB Failsto 5.
E-MOV-CC-B 4 1.000E-03 1.10TE-D4 1.108E+00 1.000E+00 2730E-03 2728E-03 2733E-06 6.740E-06  ECS Train B Discharg...
E-CKV-CC-A 6 1.000E-04 1.103E-04 2.069E+00 1.000E+00 2708E-02 2707E-02 2723E-06 6.684E-06 ECS Train ADischarg...
S-TNK-FC-T1 1 2.400E-06 ©.473E-05 3.049E+01 1.000E+00 O.747E-01 G747E-01 2339E-06 5775606 RWST Supply Fails
E-PMP-FR-B 4 5.039E-04 S5.579E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1.377E-06 1.743E-06 ECS Pump B Fails to R...
E-CKV-CC-B 4 1.000E-04 1.10TE-D5 1.108E+00 1.000E+00 2730E-03 2730E-03 2733E-07 6.740E-07  ECS Train B Discharg...

| checkcall | [uncheck Al | pubish | | X Ciose |

Figure 19. ECS system uncertainty importance measure results sorted by Uncertainty (cut set truncation of 1E-10).
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i

% Importance Measures - ECS (FT)

oo s |

PointEst |Fv |RR |RRR |BB |RI | RRI | Unc(Std. Dev)

Data Plot Report

Name Count Prob. Fv RIR RRR Birnt;... Rl RRI Uncertainty Description

S-DGN-FR-A 1 2113E-02 B8.346E-01 3.949E+01 S5917E+00 9.957E-01 9747E-01 2104E-02 1595E-02 Diesel Generator A Fai...
S-DGN-FS-A 1 4.000E-03 1580E-01 3.949E+01 1.183E+00 9.786E-01 9747E-01 3.914E-03 2935603 Diesel Generator A Fai...
E-MOV-CC-1 1 2.000E-04 T7.89BE-03 3.949E+01 1.008E+00 9.749E-01 S747E-01 1950E-04 4.813E-04 ECS Suction Isolation ...
S-TNK-FC-T1 1 2.400E-06 O9.47BE-05 3.949E+01 1.000E+00 9.747E-01 S747E-01 2339E-06 S77SE-06 RWST Supply Fails
E-PMP-FS-A 6 1.200E-03 1.324E-03 2.068E+00 1.001E+00 2708E-02 2704E-02 3.268E-05 B.021E-05 ECSPumpAFaistoS...
E-MOV-CC-A 6 1.000E-03 1.103E-03 2.068E+00 1.001E+00 2708E-02 270SE-02 2723E-05 6685E-05 ECS Train ADischarg...
E-PMP-FR-A 6 5.039E-04 5.559E-04 2.069E+00 1.001E+00 2708E-02 2706E-02 1.372E-05 1729E-05 ECSPumpAFailstoR...
E-CKV-CC-A 6 1.000E-04 1.103E-04 2.069E+00 1.000E+00 2708E-02 2707E-02 2723E-06 66B84E-06 ECS Train ADischarg...
S-DGN-FR-B 4 2113E-02 2.340E-03 1.106E+00 1.002E+00 2731E-03 2673E-03 5776E-05 4.373E-05 Diesel Generator B Fa...
5-DGN-FS-B 4 4.000E-03 4.429E-04 1.107E+00 1.000E+00 2730E-03 2719E-03 1.093E-05 8.188E-06 Diesel Generator B Fa...
E-PMP-FS-B 4 1.200E-03 1.329E-04 1.108E+00 1.000E+00 2730E-03 2727E-03 3.279E-06 B.0B88E-06 ECSPumpB FailstoS...
E-MOV-CC-B 4 1.000E-03 1.107E-04 1.108E+00 1.000E+00 2730E-03 2728E-03 2733E-06 6740E-06 ECS Train B Discharg...
E-PMP-FR-B 4 5.039E-04 S5.579E-05 1.108E+00 1.000E+00 2730E-03 2729E-03 1.377E-06 1743E-06 ECS Pump B Fails to R...
E-CKV-CC-B 4 1.000E-04 1.10TE-D5 1.108E+00 1.000E+00 2730E-03 2730E-03 2733E-07 6.740E-07 ECS Train B Discharg...
| checkcall | [uncheck Al Pubish | | 3 Close |

Figure 20. ECS system difference importance measure results sorted by Birnbaum (cut set truncation of 1E-10).
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5. Click on the F-V tab on the top row of the importance measures window. A sampling options window will open much like the one used in

fault tree cut-sets uncertainty. Choose the default 3000 samples, 12345 random seed and Monte Carlo and click on . The
following window will open. Click on the other importance tabs to view their uncertainty without the need to re-sample. Re-sampling can be

accomplished at any time by clicking on . Sorting can be accomplished the same as with the point estimates, by clicking the
column header.

%% Importance Measures - ECS (FT) El@
|Pointest.| Fv  [RR [RRR [BB  |R1 | RRI [ unc(std. Dew)
Data Plot Report
Name Point Estimate Mean Sth S0th 95th Minimum Maximum  Description
E-CKV-CC-A 1.103E-04 1.165E-04 2716E-06 2912E-05 2585E-04 2857E-07 1.027E-02 ECS Train A Discharge Check Val...
E-CKM-CC-B 1.107E-05 1.710E-05 1.138E-07 2.088E-08 3.300E-05 O5.748E-09 1.952E-03 ECS Train B Discharge Check Va...
E-MOW-CC-1 T7.898E-03 1.007E-02 1.244E-04 2422E-03 24B80E-02 193%2E-05 3.205E-01 ECS Suction Isolatien Valve Fails ...
E-MOW-CC-A 1.103E-03 1.353E-03 2621E-05 2883E-04 28660E-03 3273E-06 1.368E-01 ECS TrainADischarge MOV Fail...
E-MOV-CC-B 1.107E-04 3.819E-04 7.810E-07 1.852E-05 4.573E-04 5.294E-08 997SE-02 ECS Train B Discharge MOV Fail...
E-PMP-FR-& 5.559E-04 S5044F-04 4905E-05 2896E-04 1.273E-03 1.132E-05 1.454E-02 ECS Pump A Failste Run
E-PMP-FR-B 5.579E-05 §.759E-05 1.458%E-06 1.835E-05 2.082E-04 1.510E-0F7 9951E-03 ECS Pump B Fails to Run
E-PMP-FS-4 1.324E-03 1.702E-03 3.145E-05 3.447E-04 3.200E-03 2.45B8E-06 1.628E-01 ECS Pump A Fails to Start
E-PMP-FS-B 1.325E-04 5376E-04 8832E-07 2093E-05 5993E-04 453BE-08 1.198E-01 ECS Pump B Fails to Start
S-DGHN-FR-A 8.346E-01 7.979E-01 4.619E-01 T.979E-01 S.410E-01 9.573E-02 9.881E-01 Diesel Generator A Fails to Run
S-DGN-FR-B 2.340E-03 22068E-03 3.285E-04 1.18BE-03 4.334E-03 4443E-05 4348E-02 DieselGenerator B Fails to Run
S-DGHN-FS-A 1.S80E-01 1913E-01 3.007E-02 1.305E-01 3.858E-01 7.402E-03 9.0VO0E-01 Diezel Generator A Fails to Start
S-DGN-F3-B 4.425E-04 5.258E-04 3.004E-05 2.105E-04 1.185E-03 4.94BE-06 1.843E-02 DieselGenerator B Fails to Start
S-TNK-FC-T1 §.478E-05 1.288E-04 2134E-068 295951E-05 277SE-04 1.89%7E-07 6.183E-03 RWST Supply Fails
o | (K]

Figure 21. ECS fault tree Fussell-Vesely importance with uncertainty measures

6. Now use the button and then just check the events that relate to the pumps (E-PMP-FR-A, E-PMP-FR-B, E-PMP-FS-A, and E-
PMP-FS-B) by clicking on their checkboxes.
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7. View the Importance uncertainty box plots for the pumps by clicking on the Plot tab and compare to the Figure 22.

%8 Importance Measures - ECS (FT) [ [t =RIEaR >
|Pointest | F-¥ | RR |RRR |BB |RI |RRI | unc(std Dev)

Data Plot Report

Importance Graph
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Figure 22. ECS Fussell-Vesely Importance Graph of pump components

8. Click on the Report tab and then click and drag the bottom right corner of the window to re-size it to view the html report shown in Figure 23.

Note that you can reports in multiple formats as covered in the section on Fault Tree Cut Set Solving.
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@ HTML Viewer = o ==
DEMO-MDL-BASICS Importance Measures - F-V New DEMO model for instructional use
(SAPHIRE Basics)
112712015 7:04:02 AM
Data
Name Point Est. | Mean 5th 50th 95th Min Max Description

E-PMP-FR-A | 5.559E-4 5.944F-4 | 4905E-5 | 2.696E-4 | 1.273E3 | 1.132E-5 | 1454E-2 | ECS Pump A Fails to Run
E-PMP-FR-B | 5.579E-5 9.759E-5 | 1459E6 | 1.836E5 | 2.082E4 | 1.510E7 | 9951E-3 | ECS Pump B Fails to Run

E-PMP-FS-A | 1324E-3 1.702E-3 | 3.145E5 | 3447E4 | 3200E3 | 2456E6 | 1629E1 | ECS Pump A Fails to Start
E-PMF-F5-B 1.329E-4 5.376E-4 | 8.832E-7 | 2.093E-5 | 5998E-4 | 4538E-8 | 1.196E-1 | ECS Pump B Fails to Start

Graph
Importance Graph
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[ Print... l [ Save As.. l

Figure 23. ECS Pump Components Fussell-Vesely Importance Measures report
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NOTES
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| 9 | Linking Event Tree Sequences

Workshop Objectives

The Event Tree Linking workshop accompanies Section 11 in the training manual. The workshop objectives are to practice linking event trees and
to be familiar with the event tree logic report format.

Workshop Instructions

1. Inthe WKSP-1 project Event Trees list pane highlight the LOSP event tree, right [Eizres Sy S
mouse click, and select the Link option.

Sequence Probability Cut Off  |None v

[create Logic Cut Sets? Mutually Exclusive Top

2. Enter the desired “reporting” option on the pop up window. To view the linked
event tree sequences logic report, select “Create Report” checkbox. The default
entries for the remaining parameters (shown right) are acceptable for this event Cloreateropotz [ L ox | [ X camer]
tree. Press OK to link the event tree sequences.

[C]Limit Tranzfers? Transfer Levels to Process

Note: After an event tree has been linked, the event tree logic can be obtained from Publish — Event Tree Report —» Event Tree
Sequence Logic menu option with the multiple formats available.
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3. Review the event tree logic report that you generated; it should match the event tree logic report shown below. The convention used to
depict the event tree sequence logic is that an event tree downward branch (failed) is indicated by the top name (CCS) and an upward
branch (success) is indicated by the complemented top name (/CCS). Note that the columns are re-sizable by clicking and dragging their

edges.
Q Event Tree Linking Results E\@
Mezzage Event Tree  Segquence Action  Top Top Top Top End State Flag Set Phaze Descr...
Event Tree Name: Lasp 3 ECS CCcs LARGE-RELE... PHASE_1
2 ECS ccs SMALL-RELE. . PHASE_1

Saved Sequences: 2 Valid Segue...

TOTALS = Saved Sequences: 2 ..

201800127 Page # 07:05:15
Model Re...

Elapsed Time:  00:00:00.123 Publish

Question: Why did the logic for LOSP sequence 1 not get generated?

Answer: SAPHIRE ignores all sequences with OK or Successin the endstate name field.
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| 1 O | Event Tree Sequence Cut Set Solving

Workshop Objectives

Idaho National Laboratory

The Event Tree Sequence Cut Set Generation workshop accompanies Section 12 in the training manual. The workshop objectives are to practice
generating event tree sequence cut sets, experiment with various truncation options, and display the cut set results.

Workshop Instructions < Solve Cut Sets for LOSP (ET) =5 (E=R ==

Settings | Results.

Cut Set Truncation Options

1. Inthe WKSP-1 project Event Trees list pane highlight the LOSP By Frobabity [Normal =] 1.000E-13 T'TIFT””"ME'WS
. . . ) — Model Types
event tree, right mouse click, and select the Solve option. By Size ploge; = =- [@] RaNDOM
PHASE_1

Solve using Flag Set

2. The default truncation probability is set in the Global in the Project —»

User Settings — Analysis Options menu. It can be changed here
manually.

Threads to use on solve 1

Quantification Method

* Win Cut Upper Bound -

3. Using all the default settings, click the J button to generate .
cut sets for the LOSP sequences. Solution Steps

V| Solve for Cut Sets
Apply Post-processing Rules
Update / Quantify Cut Sets

Note: Cut sets will not be generated for those sequences that Quantiy Cut Sets
are not highlighted. Clear Cut Set Partitions

Apply Partition Rules

<l [«

Copy Cut Sets to Nominal Case

Clear Current Case

| /Suh.fe | | xgluse |
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4. When cut set generation is complete, a summary Solve Results window will appear with the overall value and number of cut sets. Select the

button and the Cut Sets Results window should display. Both are shown below.

& Solve Cut Sets for LOSP (ET) =3 =N = S Cut Sets for LOSP (ET Cut Sets) fo e[
Setings | Results Project: | DEMO-MDL-BASICS - New DEMO model for instuctional use (SAPHIRE Basics) Current Case -
Processing completed ijgctfolder: C\Saphire Bdemo-modell
Model Type: ~ RANDOM.
Name alue # Cut Sets o - .
LosP 5.388E-02 238
Criginal
# Cases Prob/Freq | Total % Cut 5ets
5.988E-2 100 Displaying 238 Cut Sets. (238 Original) -
#+ 1 C 4861E-2 8117 LOSP.S-DGN-FR-A ‘E‘
# 2 C 9.200E-3  15.36 LOSP.S-DGN-FS-A
#+ 3 C 1.027E-3 172 LOSP.S-DGN-FR-A,S-DGN-FR-B
#+ 4 C 4.600E4 077 LOSP.E-MOV-CCA
#+ 5 C 1.944E4 032 LOSP.S-DGN-FR-B,S-DGN-FS-A
#+ & C 1.944E4 032 LOSP,S-DGN-FR-A,S-DGN-FS-B
# 7 C 5833E5 010 LOSP.C-PMP-F53-B,5-DGN-FR-A
#+ 8 C 58335 010 LOSPE-PMP-FS-A,S-DGN-FR-B
= 93 C 4861E5  0.08 LOSP.C-MOV-CC-B,5-DGN-FR-A
#+ 10 C 4861E-5  0.08 LOSPE-MOV-CC-A S-DGN-FR-B
#+ 11 C J.680E-5  0.06 LOSP,S-DGN-FS-A,S-DGN-FS-B
Elapsed Tme:  00:00:00.083 w12 C 2443E5 004  LOSRCPMP-FRBSDGN-FRA
# 13 C 244985 0.04 LOSP.E-PMP-FR-A,S-DGN-FR-B
[ sone | [ X ciose | w1 C 11046 002  LOSPC-PMPFSB.SDGNFSA
#+ 15 C 1104E-5 0.02 LOSPE-PMP-FS-A,S-DGN-FS-B
= 16 C 9721E6  0.02 LOSP.C-MOV-CC-1,5-DGN-FR-A
#+ 17 C 9721E6 002 LOSPE-MOV-CC-1,S-DGN-FR-B <
Show End States: @) No () Partition defined () Sequence
Invert [ Publish HSavetoEndSiateH xglose l
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5. Click to close the two windows.

6. Click on the “# " next to the LOSP Event Tree. The LOSP sequences will show below it. Highlighting and selecting Solve for one (or more)
sequences under the event tree solves only those sequences. To practice this procedure, highlight LOSP sequence 2, right mouse click, and
select the Solve option with the default values. Compare the LOSP sequence 2 cut sets to those shown in Figure 24.

7. In actuality, the cut sets for each sequence were solved when we solved the entire LOSP Event Tree. Highlight LOSP sequence 3, right
mouse click, and select the View Cut Sets option. Compare the LOSP sequence 3 cut sets to those shown in Figure 25.

8. Highlight LOSP, right mouse click, and select the View Summary Results option. Expand the results by clicking . Compare
sequence results to those shown in Figure 26. Note the lack of uncertainty data. Sequence uncertainty will be covered in the next workshop.

9. Looking at the LOSP sequence results, consider the following questions:

What is the quantified value saying with regard to each sequence, the LOSP event tree, and this project?
What happens if the quantification method is changed (i.e., Min Cut versus Rare Event versus Min/Max)?
Why are the sequence results different than just multiplying the sequence logic events?

Sequence 2 = LOSP * ECS */CCS = 2.3 * 2.5632E-2 * 9.7468E-1 = 5.6 761E-2

Sequence 3=LOSP * ECS * CCS = 2.3 * 2.532E-2 * 2.532E-2 = 1.475E-3

Total = 5.8236E-2
What happens if the truncation is increased (i.e., 1E-5, or 1E-3)?
What happens if truncation is lowered (i.e., 1E-20, 1E-30, or no truncation)?
How would you determine appropriate truncation level and quantification method?

10. If necessary, rerun the event tree sequence cut set generation for the LOSP sequences with the original workshop settings before going to
next workshop. This is only necessary if the Update Cut Sets to Nominal Case was checked while solving the Current Case.
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¢ Cut Sets for LOSP-2 (ET Cut Sets) =n =l <
Hujer:t:’ ,-DEﬂGrmL—ﬁhSICS - New DEMO model for instructional use (SAPHIRE Basic “urrent Case h

Project Folder: CA\Saphire-8idemo-maodel\
mde:'rymf RANDOM

-

[ showMT || Show Phase |

Criginal
# Cases Prob/Freq | Total % Cut Sets
5.808E-2 100 Displaying 19 Cut Sets. (19 Original)
+ 1 C 4 861E-2 83.69 LOSP S-DGMN-FR-A
+ 2 C 9.200E-3 15.84 LOSP S-DGM-F5-A
+ 3 C 4 600E-4 0.79 LOSP.E-MOV-CC-1
+ 4 C 3.32E-6 = 0.01 LOSPE-PMP-FS-A E-PMP-F5-B
+ b C 2 Te0E-B < 0.01 LOSP E-MONV-CC-B E-PMP-FS-A
+ 6 C 2.Te0E-6 = 0.01 LOSPE-MOV-CC-A E-PMP-F5-B
CI C 2 300E-6 < 0.01 LOSP E-MONV-CC-A E-MOV-CC-B
+ 8 C 1.391E-6 = 0.01 LOSPE-PMP-FR-B.E-PMP-F5-A
+ 9 C 1.391E-6 = 0.01 LOSP E-PMP-FR-A E-PMP-F5-B
+ 10 C 1.159E-6 = 0.01 LOSP.E-MONV-CC-B . E-PMP-FR-A
+ 1 C 1.159E-6 = 0.01 LOSP E-MOV-CC-A E-PMP-FR-B
+ 12 C H839E-7T =001 LOSP E-PMP-FR-A E-PMP-FR-B
+ 13 C 2TR0E-T =001 LOSPE-CKV-CC-B.E-PMP-FS-A
+ 14 C 2TB0E-T =001 LOSP E-CKV-CC-A E-PMP-F5-B
+ 15 C 2300E-T =00 LOSP E-CKV-CC-B,E-MOV-CC-A
+ 16 C 2300E-7 =001 LOSP E-CKM-CC-A E-MOV-CC-B
+ 17 C 1.189E-7 < 0.01 LOSP.E-CKV-CC-B.E-PMP-FR-A
+ 18 C 1.189E-7 < 0.01 LOSP E-CKV-CC-A E-PMP-FR-B
+ 19 C 2 300E-8 < 0.01 LOSP E-CKV-CC-A E-CKNV-CC-B
Show End States : @) No () Partition defined ) Sequence

[ Publish ] [SauetoEnd smm] ’ X Close ]

Figure 24. LOSP event tree sequence 2 cut sets (cut set truncation of 1E-13).
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e

%@ Cut Sets for LOSP-3 (ET Cut Sets) E--
anjecr:.' - . DEMO-MDL-BASICS - - MNew E)EHIO model for instructional use (SAPHIRE Basics) Current CESE
H‘I:Ecyjﬂk’!ﬂ" ; Eﬁapmremdepo-model\ = AN
M £ -"Rm - F; xd ; . = = ol - ol
Elq:land All [ ShowMT || Show Phase |
Original |
| i | Caszes | Prob/Freq | Total % | Cut Sets | .
1.805E-3 100 Displaying 219 Cut Sets. (219 Original) -
-- 1 C 1.027E-3  56.90 LOSP 5-DGM-FR-A S-DGN-FR-B L
-- 2 C 1.944E4 1077 LOSP.5-DGM-FR-B,S-DGN-F3-A I
-3 C 19444 1077 LOSP.5-DGM-FR-A S-DGN-FS-B
-- 4 C 58335 323 LOSP.C-PMP-F5-B S-DGN-FR-A
-- 5 C 58335 323 LOSPE-PMP-F5-A S-DGN-FR-B
- B C 4 861E-H 269 LOSP.C-MOV-CC-B,5-DGN-FR-A
-- 7 C 4 861E-5 269 LOSP.E-MOV-CC-A, 5-DGN-FR-B
-- 8 C 3.680E-HR 204 LOSP 5-DGM-F5-A S-DGN-FS-B
#- 9 C 2449E-5 136 LOSP.C-PMP-FR-B,S-DGN-FR-A
-- 10 C 24495 136 LOSP.E-PMP-FR-A S-DGN-FR-B
B 11 C 1104E-5  0.61 LOSP.C-PMP-F5-B,5-DGN-F3-A
C 1104E-5 061 LOSPE PMP- FS—A 5-DGN-F5-B
: _
9 721E-6 [] 54 LOSPE MOW-CC-1 SrDGN FR-B
- 15 {Z 9 200E-6 051 LOSP.C-MOV-CC-B,5-DGN-F5-A
-- 16 C 9200E-6 051 LOSPE-MOV-CC-A 5-DGN-F5-B
17 C 5520E-6 0.3 LOSP,S-THK-FC-T1
-- 18 C 4 861E-6 027 LOSP.C-CKV-CC-B,5-DGM-FR-A
-- 19 C 4 861E-6 027 LOSPE-CKV-CC-A 5-DGM-FR-B
B-20 C 4636E6 026 LOSP.C-PMP-FR-B,.S-DGN-F3-A 7
Show End States : (@) o () Partition defined (7 Sequence ‘
Invert [ Publish ] [Saue to End State ] [ X Close ]

Figure 25. LOSP event tree sequence 3 (cut set truncation of 1E-13).

47

Idaho National Laboratory



SAPHIRE 8 Basics Workbook

Idaho National Laboratory

% Surmmary Results for LOSP (ET) 7] (= B (R | v ™
Project: = DEMO-MDL-BASICS - ME!ID model for instructional use {SAPHIRE Basics)
- . - - - 4
Project Folder: C.:_'u‘_Salelre Sldemo-modell ; ]
"'_"d:ALﬁ Default Columns [ Set ] [ Load ] Data Source | Current Case =
£
General -
Uncerta
Description # of Cut Sets neertainty
Point Estimate Truncation Level Mean [ 5th [[] 5td. Dev.
End State Flag Set '
| Median Gath Skewness
Phase FHASE_1 - End Phase [7] Defautt Flag Set O 0
= []Quant. Methed  [] Solve Method [[] Seed [C]# Samples [ Kurtosis
Name Point Estim... | End State End Phase Cut Set Count | Mean Median Prob. Trunc... | Description Used Flag ...
-} Total 5 98%E-02 238 0.000E+00 0.000E+00 0.000E+00
=l PHASE_1 Phase Total (1 Ev. ..  5.888E-02 238 0.000E+00 0.000E+00 0.000E+00
-1+ LOSP (2 Segs.) 5.985E-02 238 0.000E+00 0.000E+00 0.000E+00
LOSP:2 5.808E-02 SMALL-RELEASE PHASE_1 19 0.000E+00 0.000E+00 1.000E-13
LOSP:3 1.805E-03 LARGE-RELEASE PHASE_1 215 0.000E+00 0.000E+00 1.000E-13
[owmest | [ Bom

Figure 26. LOSP event tree sequence results (cut set truncation of 1E-13).
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| 1 1 | Event Tree Sequence Uncertainty Analysis

Workshop Objectives

The Event Tree Sequence Uncertainty Analysis workshop accompanies Section 13 in the training manual. The workshop objectives are to perform
uncertainty analysis for individual sequences, for all sequences combined, and to report the uncertainty results.

Workshop Instructions

1. In the WKSP-1 project Event Trees list pane highlight the LOSP event tree, right mouse click, and select the View Uncertainty—Single

Sequence(s) option. Click on with the default values to perform an uncertainty analysis for all sequences of LOSP. Note that
we assume sequence cut sets were generated using 1E-13 truncation.

2. Click on and then on to compare your results to Figure 27 for LOSP event tree sequence 2 and sequence 3. Note

that you will have to check and uncheck display boxes accordingly if you want to match the figure shown in Figure 27. These results can be
published as covered previously.

3. Display results of a single sequence or any humber of highlighted sequences from the Event Trees list pane menu by highlighting the
sequence(s), right mouse click, and select the View Uncertainty option.
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Summary Results for Group (ET)
¥y P

Co i) oo |

| ExpandAl | l Publish ]

Project: - DEMO-MDL-BASICS -'ﬂéw_DE'ilﬂ model for instructional use {SAPHIRE Basics)
- i - e -
Project Folder: _Q:\Saphlre Bidemo-model ;
T_Dd;lALﬁ Default Columns ’ Set I ’ Load I Data Source [Current Case -
E3
General .
U rta
Description # of Cut Sets neertainty
Point Estimate Truncation Level Mean [ 5th [[] std. Dev.
End State [T] Flag Set Medi
Median 45th Skewness
Phase FPHASE 1 - End Phase [] Default Flag Set @ O O
Refrect [] Quant Methed  [] Solve Method [ Seed [C]# Samples [ Kurtosis
Name Point Estim... | End State End Phase Cut Set Count | Mean Median Prob. Trunc... | Description
=} Total 5.989E-02 238 0.000E+00 0.000E+00 0.000E+00
=+ PHASE_1 Phase Total (1 Ev. ... 5.985E-02 238 0.000E+00 0.000E+00 0.000E+00
-} LOSP (2 Seqs.) 5.989E-02 238 0.000E+00 0.000E+00 0.000E+00
LOSP.2 5.808E-02 SMALL-RELEASE PHASE_1 15 §.524E-02 1.891E-02 1.000E-13
LOSP:3 1.805E-03 LARGE-RELEASE PHASE_1 219 2.436E-03 5.332E-04 1.000E-13

Figure 27. LOSP event tree sequence 2 and sequence 3 uncertainty results (cut set truncation of 1E-13).
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4. To perform an uncertainty analysis on an entire project in the Event Trees list pane highlight all event trees.

In the WKSP-1 project we only have one event tree, so we will create a temporary event tree to illustrate this function. Double click
on New event tree ... in the Event Trees list pane and create a tree called TEMP and save it. (No longer necessary in Version
8.1.3)

Calculate

Highlight the LOSP and TEMP event trees, right mouse click, and select the View Uncertainty—>Group option. Click on
with the default values to perform an uncertainty analysis for all sequences of the project. Note that we assume sequence cut sets
were generated using 1E-13 truncation. The results are listed on the Uncertainty for: Project window.

ﬁ Uncertainty for : Project E@
Project i .
Calculation Parameters Uncertainty Results

Cumulative Distribution
Number of Samples 3000

Sample Size 3000
Random # Seed 12345 Random# Seed 12345
) Events 24
Uncertainty Method Cut Sets 28
Lol PR O Point Est, 5 983E-02
@ Monte Carlo Wean Val. 6.282E-02 g
Intermediate Valuss  |None v Sth % Val. 1.624E-03 %
Median Val. 2.012E-02 =
95th % Val. 2.500E-01
Win Sample Val.  2.19TE-05
Max Sample Val. 2.085E+00 i
Standard Dev. 1.488E-01 |
skewness 6891800 2.I]iE-1 4.EliE-1 6.0i§-1 S.I]iE-1 1.IJI:E+IJ
Kurtosis 6.393E+01 Probability Frequency
@ Cumulative Logarithmic " axis
Density Logarithmic X axis.

Results Table x Close
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5. Display results from the Publish menu by following the Publish — Project Report — Uncertainty option. The html format is shown below.

& HTML Viewer o e =]
Uncertainty New DEMO model for instructional use (SAPHIRE Basics)
172712015 7:15:30 AM

Project Uncertainty

MNAME POINT ESTIMATE MEAN 5TH MEDIAN 95TH STANDARD DEV. SKEWNESS EURTOSIS NUM OF SAMPLES SEED
Project 5988E-2 6282E-2 1624E3 2012E2 2500E-1 1488E-1 6.691E+0 6393E+1 3000 12345
Model Version: 0.0 Model Date: 01/02/2008 Software Version: Saphire 8.1.2
[ Print... l [ Save As... l

6. Vary the uncertainty method, number of samples, and seed. How might you decide appropriate number of samples?
Optional Analyze one of the LOSP sequences varying the sample size and then plotting the mean value obtain for each sample
size using a spreadsheet program. See Figure 28 is an example for Sequence 2. (Sequence 2 has 19 cut sets;

approximately 0.01 seconds for sample size 100 and approximately 4.95 seconds for sample size 99,999.)

7. Rerun uncertainty results with original workshop settings before going to next workshop.
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Figure 28. Convergence plot of the Sequence 2 mean value.
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NOTES
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| 1 2 | Event Tree Sequence Importance Analysis

Workshop Objectives

The Event Tree Sequence Importance Analysis workshop accompanies Section 14 in the Basics training manual. The workshop objectives are to
perform importance analysis for individual sequences, for all sequences combined, and to report the results.

Workshop Instructions
1. Inthe WKSP-1 project Event Trees list pane, expand the LOSP event tree list to show the sequences.

2. Perform the importance analysis on each individual sequence by highlighting one sequence, right mouse click, and select the View
Importance Measures option. The point estimates of all the importance measures are available from the first window.

Compare your LOSP Sequence 2 importance measure results to;
Figure 29 for the Fussell-Vesely (FV) measures,
Figure 30 for the Risk Increase Ratio (RIR) importance measures,
Figure 31 for the uncertainty importance measures, and
Figure 32 for the Birnbaum importance measures.
Compare your LOSP Sequence 3 importance measure results to;
Figure 33 for the Fussell-Vesely (FV) measures,
Figure 34 for the Risk Increase Ratio (RIR) importance measures,
Figure 35 for the uncertainty importance measures, and
Figure 36 for the Birnbaum importance measures.

55



SAPHIRE 8 Basics Workbook Idaho National Laboratory

=

¢ Importance Measures - LOSP (ET):2 (5Q) [ = B (= | e
PointEst. |Fv |RR |RRR BB |RI|RRI | Unc(Std. Dev)
Data Plot Report
Name Count Prob. v : RIR RRR Birnkaum Rl RRI Uncertainty Description
LOSP 19 2300E+00 1.000E+00 4348601 1900E+38 2525E-02 -3.283E-02 5.008E-02 1434E-01 Loss of Offsite Power
S DGN-FR-A 1 2113E-02 B.369E-01 3.950E+01 6.002E+00 2290E+00 2247FE+00 4.840E-02 3668602 Diesel Generator A Fails to Run
S DGN-FS-A 1 4 000E-03 1.584E-01 3.960E+01 1.183E+00 2251E+00 2242E+00 9.004E-03 6750E-03 Diesel Generator A Fails to Start
E-MOV-CC-1 1 2000E-04  T7.920E-03  3.960E+01 1.008E+00 2.247E+00 2242E+00 4.485E-04 1.107E-03 ECS Suction Isolation Valve Fails to Open
E-PMP-FS-A 4 1.200E-03 1.332E-04 1.108E+00 1.000E+00 6.280E-03 6.273E-03 7.543E-06 1.860E-05 ECS PumpA Fails to Start
E-PMP-F5-B 4 1.200E-03  1.332E-04 1.108E+00 1.000E+00 6.280E-03 6.273E-03 7.543E-06 1.860E-05 ECS Pump B Fails to Start
E-MOV-CC-A 4 1.000E-03  1.110E-04 1.108E+00 1.000E+00 6.280E-03 6.274E-03 6.286E-06 1.550E-05 ECS Train A Discharge MOV Fails to Open
E-MOV-CC-B 4 1.000E-03  1.110E-04  1.108E+00 1.000E+00 6.280E-03 6.274E-03 6.286E-06 1.550E-05 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-A 4 5.039E-04 5595E-05 1.108E+00 1.000E+00 6.280E-03 6.277E-03 3.167E-06 4.009E-06 ECS Pump A Fails to Run
E-PMP-FR-B 4 5.039E-04 5595E-05 1.108E+00 1.000E+00 6.280E-03 6.277E-03 3.167E-06 4.009E-06 ECS Pump B Fails to Run
E-CKV-CC-A 4 1.000E-04  1.110E-05 1.108E+00 1.000E+00 6.280E-03 6.280E-03 6.286E-07 1.550E-06 ECS TrainADischarge Check Valve Fails to Open
E-CKW-CC-B 4 1.000E-04  1.110E-05  1.108E+00 1.000E+00 6.280E-03 6.280E-03 6.286E-07 1.550E-06 ECS Train B Discharge Check Valve Fails to Open

[Checmu] lUnCheckAII] Publish ] [ X Close ]

Figure 29. LOSP Sequence 2 Fussell-Vesely importance measure results sorted by Fussell-Vesely (cut set truncation of 1E-13).
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=

4% Importance Measures - LOSP (ET):2 (5Q) [ = B (= | e
PointEst. |Fv |RR |RRR BB |RI|RRI | Unc(Std. Dev)

Data Plot Report

Name Count Prob. Fv RIR : RRR Birnkaum Rl RRI Uncertainty Description
S-DGN-FR-A 1 2 113E-02  B389E-01 3.950E+01 6.002E+00 22S0E+00 2.242E+00 4.840E-02 3688E-02 Diesel Generator A Failz to Run
S-DGEN-FS-A 1 4.000E-03  1.584E-01 3.980E+01 1.183E+00 2251E+00 2242E+00 9S.004E-03 &.750E-03 Diesel Generator A Fails to Start
E-MOW-CC-1 1 2.000E-04  7920E-03 3.950E+01 1.00BE+00 2242E+00 2242E+00 4485E-04 1.107E-03 ECS Suction lzolation Valve Fails to Open
E-PMP-FS-&, 4 1.200E-03  1.332E04 1.108E+00 1.000E+00 62B0E-03 6273E03 T7.543E-06 1.8B0E05 ECS PumpA Failsto Start
E-PMP-F5-B 4 1.200E-03  1.332E-04 1.108E+00 1.000E+00 6.280E-03 6.273E-03 7.543E-06 1.880E-05 ECS Pump B Fails to Start
E-MOWV-CC-A 4 1.000E-03 1.110E-04  1.108E+00 1.000E+00 6.280E-03 S274E-03 6.285E-06 1.550E-05 ECS Train A Discharge MOV Failz to Open
E-MOWV-CC-B 4 1.000E-03 1.110E-04  1.108E+00 1.000E+00 6.280E-03 S274E-03 6.285E-06 1.550E-05 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-& 4 5.039E-04  55%5E-05  1.108E+00 1.000E+00 6.280E-03 6.277E-03 3.167E-06 4.009E-06 ECS Pump A Fails to Run
E-PMP-FR-B 4 5.035%E-04  55%5E-05 1.108E+00 1.000E+00 6.280E-03 S277E-03 3.167E-06 4.008E-06 ECS Pump B Fails to Run
E-CKV-CC-A 4 1.000E-04 1.110E-05  1.108E+00 1.000E+00 6.280E-03 S6280E-03 6.285E-07 1.550E-068 ECS Train A Discharge Check Valve Failz to Open
E-CKV-CC-B 4 1.000E-04 1.110E-05 1.108E+00 1.000E+00 6.280E-03 §280E-03 6.285E-07 1.550E-08 ECS Train B Discharge Check Valve Fails to Open
LOSP 19 2.300E+00  1.000E+00 4.348E-01 1.900E+38 2.525E-02 -3.283E-02 5.808E-02 1.434E-01 Loss of Offsite Power

[Checmu] lUnCheckAII] l Publish ] [ X Close ]

Figure 30. LOSP Sequence 2 interval importance measure results sorted by Risk Increase Ratio (cut set truncation of 1E-13).
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=

¢ Importance Measures - LOSP (ET):2 (5Q) [ = B (= | e
PointEst. |Fv |RR |RRR BB |RI|RRI | Unc(Std. Dev)
Data Plot Report
Name Count Prob. Fv RIR RRR Birnkaum Rl RRI Unu:er't... Description
LOSP 19 2300E+00 1.000E+00 4348601 1900E+38 2525E-02 -3.283E-02 5.008E-02 41.434E-01 Loss of Offsite Power
S DGN-FR-A 1 2113E-02 8.369E-01 3.950E+01 6.002E+00 2290E+00 2247FE+00 4.840E-02 3.668E-02 Diesel Generator A Fails to Run
S DGN-FS-A 1 4 000E-03  1.584E-01 3960E+01 1.183E+00 2251E+00 2242E+00 9.004E-03 6.750E-03 Diesel Generator A Fails to Start
E-MOV-CC-1 1 2000E-04  7.920E-03 3.960E+01 1.008E+00 2.247E+00 2242E+00 4485E-04 1.107E-03  ECS Suction Isolation Valve Fails to Open
E-PMP-FS-A 4 1.200E-03  1.332E-04 1.108E+00 1.000E+00 6.280E-03 6.273E-03 7.543E-06 1.860E-05 ECS PumpA Fails to Start
E-PMP-F5-B 4 1.200E-03  1.332E-04 1.108E+00 1.000E+00 6.280E-03 6.273E-03 7.543E-06 1.860E-05 ECS Pump B Fails to Start
E-MOV-CC-A 4 1.000E-03  1.110E-04 1.108E+00 1.000E+00 6.280E-03 6.274E-03 6.286E-06 1.550E-05 ECS Train A Discharge MOV Fails to Open
E-MOV-CC-B 4 1.000E-03  1.110E-04 1.108E+00 1.000E+00 6.280E-03 6.274E-03 6.286E-06 1.550E-05 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-A 4 5.039E-04 5595605 1.108E+00 1.000E+00 6.280E-03 6.277E-03 3.167E-06 4.009E-06 ECS Pump A Fails to Run
E-PMP-FR-B 4 5.039E-04 5595E-05 1.108E+00 1.000E+00 6.280E-03 6.277E-03 3.167E-06 4.009E-06 ECS Pump B Fails to Run
E-CKV-CC-A 4 1.000E-04  1.110E-05 1.108E+00 1.000E+00 6.280E-03 6.280E-03 6.286E-07 1.550E-06 ECS TrainADischarge Check Valve Fails to Open
E-CKW-CC-B 4 1.000E-04  1.110E-05 1.108E+00 1.000E+00 6.280E-03 6.280E-03 6.286E-07 1.550E-06  ECS Train B Discharge Check Valve Fails to Open

[Checmu] lUnCheckAII] l Publish ] [ X Close ]

Figure 31. LOSP Sequence 2 uncertainty importance measure results sorted by Uncertainty (cut set truncation of 1E-13).
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=

t Importance Measures - LOSP (ET):2 (50) [ = @lﬂ”ﬂl
PointEst. |Fv |RR |RRR BB |RI|RRI | Unc(Std. Dev)
I Data | Plot | Report |
Name Count Prob. Fv RIR RRR Birnkaum Rl RRI Uncertainty Description
S-DGN-FR-A 1 2.113E-02 8.369E-01 3.960E+01 6.002E+00 22Z90E+00 2. 242E+00 4.240E-02 3.688E-02 Diesel Generator A Fails to Run
S-DGN-FS-A 1 4 000E-03 1.584E-01 3.960E+01 1.183E+00 2251E+00 2.242E+00 S.004E-03 6.750E-03 Diesel Generator A Fails to Start
E-MONV-CC-1 1 2.000E-04 T.O920E-03 3.960E+01 1.008E+00 2.24Z2E+00 2.247E+00 4.485E-04 1.107E-03  ECS Suction Izolation Vahee Fails to Open
LOSP 19 2. 300E+00 1.000E+00 4.343E-01 1.900E+38 2.525E-02 -3.283E-02 5.808E-02  1.434E-01 Loss of Offsite Power
E-PMP-F5-A 4 1.200E-03 1.332E-04 1.108E+00 1.000E+00 6.230E-03 §.27T3E-03 T7.543E-06 1.880E-05 ECS Pump A Fails to Start
E-PMP-F5-B 4 1.200E-03 1.332E-04  1.108E+00 1.000E+00 &.230E-03 §.27T3E-03 7.543E-06 1.880E-05 ECS Pump B Fails to Start
E-MOV-CC-A 4 1.000E-03 1.110E-04  1.108E+00 1.000E+00 &.280E-03 §.2T4E-03 6.285E-06 1.550E-05 ECS Train A Discharge MOV Fails to Open
E-MON-CC-B 4 1.000E-03 1.110E-04  1108E+00 1.000E+00 6.230E-03 5.27T4E-03  5.288E-06  1.550E-05 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-A 4 5.039E-04 5.595E-05 1.108E+00 1.000E+00 6.230E-03 §.27TFE-03  3.167E-06 4.008E-06 ECS Pump A Fails to Run
E-PMP-FR-B 4 5.039E-04 5.595E-05  1.108E+00 1.000E+00 6.230E-03 §.27TFE-03  3.167E-06 4.008E-06 ECS Pump B Fails to Run
E-CKV-CC-A 4 1.000E-04 1.110E-05  1.108E+00 1.000E+00 &.280E-03 §.280E-03 6.285E-07 1.550E-06 ECS Train ADischarge Check Valve Failz to Open
E-CKW-CC-B 4 1.000E-04 1.1M0E-05  1.103E+00  1.000E+00 6.280E-03 5.280E-03 6.288E-0F 1.550E-06 ECS Train B Discharge Check Valve Fails to Open

L

1 | »

[Checmu] lUnCheckAII] l Publish ] [ X Close ]

Figure 32. LOSP Sequence 2 Birnbaum importance measure sorted by Birnbaum (cut set truncation of 1E-13).
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4 Importance Measures - LOSP (ET):3 (5Q) = =R =
PointEst. \Fv |RR |RRR [BB |R1 |RRI | uncstd Dev)|
Data Plot Report
Name Count Prob. Fv ) RIR RRR Birnbaum Rl RRI Uncertainty Description
LOSP 219 2300E+. 1.000E+. 4343601 1000E+38 7.849E-04 -_1020E.. 1.805E-03 4457E-03 Loss of Offsite Power
5 DGN-FR-A 7 2113E-02 7.57SE-01  3.588E+01 4121E+00 6.433E02 6296602 1.367E-03 1.030E-03  Diesel Generator A Fails to Run
S DGN-FR-B 7 2113E-02 7.5TSE-01  3.588E+01  4121E+00 6.433E02 6296602 1.367E-03 1.030E-03 Diesel Generator B Fails to Run
SDGNFS-A 7 4000E-03 1.434E-01 3.647E+01  1.167E+00 6.430E02 6.404E-02 2587E-04 1.928E-04 Diesel Generator A Fails to Start
5 DGN-FSB 7 4.000E-03 1.434E-01 3.B47E+D1  1.167E+00 6.430E02 6.404E-02 2587E-04 1928E-04 Diesel Generator B Fails to Start
C-PMP-F5-B 57 1.200E-03 3.842E-02 3.285E+01  1.040E+00 5.7STE-02 S5.7S0E-02 6.932E-05 1.705E-04 CCS Pump B Fails to Start
E-PMP_FS-A 57 1.200E-03 3.842E02 3.285E+01  1.040E+00 5.757TE-02 G5.750E-02 6.932E-05 1705E-04 ECS PumpA Fails to Start
C-MOV-CC-B 57 1.000E-03 3.202E-02 3.288E+01  1.033E+00 5.757E-02 5.7S1E-02 S5778E-05 1.421E-04 CCS Train B Discharge MOV Fails to Open
E-MOVLCC-A 57 1.000E-03 3.202E-02 3.286E+01  1.033E+00 S7STE-02 5751E-02 S5776E05 1.421E-04 ECS Train ADischarge MOV Fails to Open
C-PMP-FR-B a5 5.039E-04 1613E-02 3.287E+  1.016E+00 S5.7STE-02 S5.754E-02 291E-05 3.67SE-05 CCS Pump B Fails to Run
E-PMP-FR-A 45 5.039E-04 1613E-02 3.287E+01  1.016E+00 5757E-02 57S4E-02 2911E-05 3.675E-05 ECS PumpA Fails to Run
C-MOW-CC-1 19 2.000E-04 B.A45TE-03 3.314E+01  1.008E+00 5.803E-02 5.802E-02 1.165E-05 2.865E-05 CCS Suction lsolation Valve Fails to Open
E-MOVLCC-1 19 2.000E-04 G.457E-03 3.314E+01  1.006E+00 5.803E02 5802602 1.165E-05 2.865E-05 ECS Suction lsolation Valve Fails to Open
C-CKV-CC-B 26 1.000E-04 3.202E-03 3.288E+01  1.003E+00 5.75TE-02 5.756E-02 S776E-06 1.421E-05 CCS Train B Discharge Check Valve Fails to Open
E-CKV-CC-A 26 1.000E-04 3.202E-03 3.288E+01  1.003E+00 5757E-02 5.7S8E-02 S5776E-06 1.421E-05 ECS Train A Discharge Check Valve Fails to Open
5-TNK-FC-T4 1 2400E-06 3.058E-03 1.274E+03  1.003E+00 2298E+00 2298E+. 5516E-06 1.362E-05 RWST Supply Fails
C-PMP-FS-A, 55 1.200E-03 B.508E-07 1.001E+00 1.000E+00 1.339E-06 1.337E-06 1607E09 3.967E-08 CCS PumpA Fails to Start
E-PMP-FS-B 55 1.200E-03 B.808E-07 1.001E+00  1.000E+00 1.339E-06 1.337E-06 1607E-089 3.967E-08 ECS Pump B Fails to Start
C-MOV-CC-A 55 1.000E-03 T.423E-07 1.001E+00 1.000E«00 1.339E-06 1.338E-06 1.339E-09 3.308E-08 CCS Train A Discharge MOV Fails to Open
E-MOVLCC-B 55 1.000E-03 7.423E-07 1.001E+00 1.000E+00 1.339E-06 1338E-06 1.330E-00 3.306E-08 ECS Train B Discharge MOV Fails to Open
C-PMP-FR-A 43 5.039E-04 3.73BE-07 1.001E+00 1.000E+00 1.338E-06 1.337E-06 6739E-10 8.538E-10 CCS PumpA Fails to Run
E-PMP-FR-B 43 5.039E-04 3.738E-07  1.001E+00  1.000E+00 1.338E-06 1.337E-08 6.738E-10 8.538E-10 ECS Pump B Fails te Run
C-CKV.CC-A 24 1.000E-04 T.373E-08 1.001E+00 1.000E+00 1.330E-06 1.330E-068 1.330E-10 3.283E-10 CCS Train A Discharge Check Valve Fails to Open
E-CK\_CC-B 24 1.000E-04 7.373E-02  1.001E+00 1.000E+00  1.330E-06 1.330E-06 1.330E-10 3.283E-10 ECS Train B Discharge Check Valve Failz to Open
| check Al | [uncheck il Pubish | | 3 ciose |

Figure 33. LOSP Sequence 3 Fussell-Vesely importance measure results sorted by Fussell-Vesely (cut set truncation of 1E-13).
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4 Importance Measures - LOSP (ET):3 (5Q) = =R =
PointEst. \Fv |RR |RRR [BB |R1 |RRI | uncstd Dev)|
Data Plot Report
Name Count Prob. Fv RIR ) RRR Birnbaum Rl RRI Uncertainty Description
5 TNK-FC-T1 1 2400E-06 3.058E-03 1274E+03  1.003E+00 2293E+00 2298F+. GS516E-06 1.362E-05 RWST Supply Fails
S DGN-FS-A 7 4.000E-03 1.434E-01 3B47E+01  1.167E+00 6.430E02 6.404E-02 2587E-04 192BE-04 Diesel Generator AFails to Start
S DGN-FS-B 7 4000E-03 1434E-01 3B47E+01  1.167E+00 6.430E02 6.404E-02 2587E-04 1.928E-04 Diesel Generator B Fails to Start
S DGN-FR-A 7 2113E-02  7.5TSE-0M  3.588E+01  4121E+00 6.433E-02 6.296E-02 1.367E-03 1.030E-03 Diesel Generator A Fails to Run
5 DGN-FR-B 7 2113E-02 7.57SE-01 3.588E+01 4121E+00 6.433E02 6.296E02 1.367E-03 1.030E-03 Diesel Generator B Fails to Run
C-MOW-CC-1 19 2.000E-04 B.4S5TE-03 3.314E+01  1.006E+00 5.803E-02 5.802E-02 1.165E-05 2.865E-05 CCS Suction lsolation Valve Fails to Open
E-MOVLCC-1 19 2.000E-04 B4STE-03 3.314E-01  1.008E+00 5.2803E-02 5.802E-02 1.165E-05 2.865E-05 ECS Suction lsolation Valve Fails to Open
C-CKV.CC-B 26 1.000E-04 3.202E-03 3.288E+01  1.003E+00 5.757E-02 5.7S8E-02 S5778E-06 1.421E-05 CCS Train B Discharge Check Valve Fails to Open
E-CKV-CC-A, 26 1.000E-04 3.202E-03 3.288E+01  1.003E+00 5.757E-02 5.7S6E-02 S776E06 1.421E-05 ECS TrainADischarge Check Valve Fails to Open
C-PMP-FR-B a5 5.039E-04 1613E-02 3.287E-01  1.016E+00 S5.7STE-02 S5.754E-02 291E-05 3.67SE-05 CCS Pump B Fails to Run
E-PMP-FR-A 45 5.039E-04 1613E-02 3.287E-01  1.016E+00 5757E-02 57S4E-02 2911E-05 3.675E-05 ECS PumpA Fails to Run
C-MOV-CC-B 57 1.000E-03 3.202E-02 3.286E+01  1.033E+00 5.757E-02 5.7S1E-02 S5778E-05 1.421E-04 CCS Train B Discharge MOV Fails to Open
E-MOVLCC-A 57 1.000E-03 3.202E-02 3.286E+01  1.033E+00 S7STE-02 5751E-02 S5776E05 1.421E-04 ECS Train ADischarge MOV Fails to Open
C-PMP-F5-B 57 1.200E-03 3.842E-02 3.285E+01  1.040E+00 5.7STE-02 5.7S0E-02 6.932E-05 1.705E-04 CCS Pump B Fails to Start
E-PMP_FS-A 57 1.200E-03 3.842E02 3.285E+01  1.040E+00 5.757TE-02 G5.750E-02 6.932E-05 1705E-04 ECS PumpA Fails to Start
C-PMP-FS-A, 55 1.200E-03 8.908E-07 1.001E+00  1.000E+00 1.339E-06 1.337E-08 1.607E-08 3.967E-08 CCS PumpA Fails to Start
E-PMP_FS-B 55 1.200E-03 8.508E-07 1.001E:00  1.000E+00 1.339E-06 1.337E-06 1607E-09 3.967E-08 ECS Pump B Fails to Start
C-MOWV-CC-A, 55 1.000E-03 T.423E-07 1.001E=00  1.000E«00 1.339E-05 1.338E-06 1.339E-09 3.308E-08  CCS Train A Discharge MOV Fails to Open
E-MOV.CC-B 55 1.000E-03 T.423E-07 1.001E-00 1.000E+00 1.339E-06 1.338E-06 1.339E-09 3.308E-08 ECS Train B Discharge MOV Fails to Open
C-PMP-FR-A, 43 5.039E-04 3.73BE-07  1.001E:00  1.000E+00 1.338E-06 1.337E-06 673VE-10 B530E-10  CCS Pump A Fails to Run
E-PMP-FR-B 43 5.039E-04 3.73BE-07 1.001E+00 1.000E+00 1.338E-06 1.337E-06 6739E-10 8.538E-10 ECS Pump B Fails to Run
C-CKVLCC-A 24 1.000E-04 T.373E-08 1.001E-00  1.000E«00 1.330E-08 1.330E-08 1.330E-10 3.283E-10  CCS Train A Discharge Check Valve Fails to Open
E-CKV-CC-B 24 1.000E-04 T.373E-08 1.001E-00 1.000E+00 1.330E-06 1.330E-08 1.330E-10 3.283E-10 ECS Train B Discharge Check Valve Fails to Open
LOSP 219 2.300E+.. 1.000E+. 4.348E01  1000E+38 7.849E_04 -_1.020E.. 1.805E-03 4.457E-03 Loss of Dffsite Power
| check Al | [uncheck il | ruish | [ X ciose |

Figure 34. LOSP Sequence 3 Risk Increase Ratio importance measure results sorted by Risk Increase Ratio (cut set truncation of 1E-13).
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4 Importance Measures - LOSP (ET):3 (5Q) = =R =
PointEst. \Fv |RR |RRR [BB |R1 |RRI | uncstd Dev)|
Data Plot Report

Name Count Prob. v RIR RRR Birnbaum Rl RRI Unu:e1rt... Description

LOSP 219 2300E+00 1000E+. 4343601 1000E+33 7.840E-04 _1020E-03 1.805E-03 4457E03 Lo=s of Offsite Power
5 DGN-FR-A 7 2113E-02 7.575E-01 3.58BE+01  4.121E+00 6.433E-02  6.206E-02  1.367E-03 1.030E-03  Diesel Generator A Fails to Run
S DGN-FR-B 7 2113E-02 7.575E-01 3.588E+01 4.121E+00 6433E-02 6295E-02 1.357E-03 1.030E-03  Diesel Generator B Fails to Run
SDGNFS-A 7 4000E-03 1.434E-01 3847E+01  1.167E+00 B5.430E-02 6.404E-02 2587E-04 1928E-04  Diesel Generator A Fails to Start
5 DGN-FSB 7 4.000E-03 1434E.01 3647E+01 1.167E+00 6.430E-02 6.404E-02 2.587E-04 1928E-04 Diesel Generator B Fails to Start
C-PMP-F5-B 57 1.200E-03 3.847E-02 3.285E+01 1.040E+00 S7S7E-02 S7S0E-02  6.932E-05 1705604 CCS Pump B Fails to Start
E-PMP_FS-A 57 1.200E-03 3.842E-02 3.285E+01 1.040E+00 5757E-02 S57S0E-02 6832605 1705E-04 ECS PumpA Fails to Start
C-MOV-CC-B 57 1.000E-03 3202602 3.286E+01 1.033E+00 S57S7E-02 S57S1E-02 S.776E-05 1.421E-04  CCS Train B Discharge MOV Fails to Open
E-MOVLCC-A 57 1.000E-03 3202602 3.286E+01 1.033E+00 5757E02 57S1E02 S.776E-05 1421E04  ECS Train ADischarge MOV Fails to Open
C-PMP-FR-B a5 5.039E-04 1813602 3.287E+01  1.0M8E+00 S57S7E-02  S7S4E-02  2.911E-05 3675E-05  CCS Pump B Fails to Run
E-PMP-FR-A 45 5.039E-04 1813602 3.287E+01  1.0M8E+00 S5757E-02 5754E-02 2911E-05 3675E-05  ECS Pump A Fails to Run
C-MOW-CC-1 19 2.000E-04 G.457E-03 3.314E+01  1.008E<00 5.803E-02 5.802E-02 1.185E-05 2.865E-05  CCS Suction lsclation Valve Fails to Open
E-MOVLCC-1 19 2.000E-04 6ASTE03 3.314E+01 1.006E+00 5.803E-02 5.802E-02 1165605 2.865E-05 ECS Suction lsolation Valve Fails to Open
C-CKV-CC-B 26 1.000E-04 3202E-03 3.288E+01 1.003E+00 S7S7E-02 S57S6E-02 S5.776E-06 1421E05  CCS Train B Discharge Check Valve Fails to Open
E-CKV-CC-A 26 1.000E-04 3202603 3.288E+01 1.003E+00 5757E-02 5756E-02 G5.776E-05 1421E05  ECS Train ADischarge Check Valve Fails to Open
5-TNK-FC-T4 1 2400E-06 3.058E-03 1274E+03 1.003E+00 2208E+00 2298E+00 G5.516E-06 1.362E-05  RWST Supply Fais
C-PMP-FS-A, 55 1.200E-03 B8008E-07 1.001E+00 1.000E+00 1.330E-06 1.337E-06 1.607E-09 3967E09  CCS PumpA Fails to Start
E-PMP-FS-B 55 1.200E-03 BS08E-07 1.001E+00  1.000E+00 1.338E-06 1.337E-06 1.607E-09 3957E08  ECS Pump B Fails to Start
C-MOV-CC-A 55 1.000E-03 7423607 1.001E+00 1.000E+00 1.339E-06 1.338E-06 1.339E-09 3.308E08  CCS TrainA Discharge MOV Fails to Open
E-MOVLCC-B 55 1.000E-03 7423607 1.001E+00 1.000E+00 1339E-06 1338E-06 1.339E-08 3306E08  ECS Train B Discharge MOV Fails to Open
C-PMP-FR-A 43 5.039E-04 3735607 1.001E+00  1.000E+00 1.338E-06 1.337E-06 6739E-10 B8539E-10  CCS PumpA Fails to Run
E-PMP-FR-B 43 5.039E-04 3.735E-07 1.001E+00  1.000E+00 1.338E-08 1.337E-06 6739E-10 8.538E-10  ECS Pump B Fails to Run
C-CKV.CC-A 24 1.000E-04 7373608 1.001E+00 1.000E+00 1.330E-068 1.330E-06 1.330E-10 3283E10  CCS Train A Discharge Check Valve Fails to Open
E-CK\_CC-B 24 1.000E-04 7.373E-08 1.001E+00  1.000E+00  1.330E-06  1.330E-06 1.330E-10 3.283E10  ECS Train B Discharge Check Valve Fails to Open

[CheckAll] [UnCheckAII] [ Publish ] [ X Close ]

Figure 35. LOSP Sequence 3 uncertainty importance measure results sorted by Uncertainty (cut set truncation of 1E-13).
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4 Importance Measures - LOSP (ET):3 (5Q) = =R =
PointEst. \Fv |RR |RRR [BB |R1 |RRI | uncstd Dev)|
Data Plot Report
Name Count Prob. v RIR RRR Birn h'aum Rl RRI Uncertainty Description
5 TNK-FC-T1 1 2400E-06 3.058E-03 1274E+03 1.003E+00 2298F+00 2208F+00 5516E-06 1.362E-05 RWST Supply Fails
5 DGN-FR-A 7 2113E-02 7.575E-01 3.58BE+01  4.121E+00 6.433E-02  6.296E-02  1.367E-03  1.030E-03  Diesel Generator A Fails to Run
S DGN-FR-B 7 2113E-02 7.57SE-01 3.588E+01  4.121E+00 6.433E-02  B.296E-02 1.357E-03  1.030E-03  Diesel Generator B Fails to Run
SDGNFS-A 7 4000E-03 1.434E-01 3847E+01  1.167E+00 6.430E-02  5.404E-02 2587E-04 1928E-04 Diesel Generator AFails to Start
5 DGN-FSB 7 4.000E-03 1.434E.01 3647E+01 1.167E+00 G.430E-02  G404E-02 2587E-04 192804 Diesel Generator B Fails to Start
C-MOW-CC-1 19 2.000E-04 6.457E-03 3.314E+01  1.008E=00 5.803E-02  5.802E-02 1.185E-05 2.865E-05 CCS Suctien lsclation Valve Fails to Open
E-MOVLCC-1 19 2.000E-04 6.457E-03 3.314E+01  1.008E=00 5.803E-02  5.802E-02 1.185E-05 2.865E-05 ECS Suction lsolation Valve Fails to Open
C-PMP-FS-B 57 1.200E-03 3842602 3.285E+01  1.040E+00 G5757E-02  S7S0E-02 B932E-05 1705604 CCS Pump B Fails to Start
E-PMP_FS-A 57 1.200E-03 3.847E02 3.285E+01 1.040E+00 S5757E02  S57S0E-02 6932605 1705604 ECS PumpA Fails to Start
C-MOV-CC-B 57 1.000E-03 3202602 3.286E+01  1.033E+00 5757E-02  S57S1E-02 S5776E-05 1.421E-04 CCS Train B Discharge MOV Fails te Open
E-MOVLCC-A 57 1.000E-03 3202602 3.286E+01 1.033E+00 5757E-02  5751E-02 G5776E-05 1.421E-04 ECS Train ADischarge MOV Fails to Open
C-PMP-FR-B 45 5.039E-04 1813602 3.287E+01  1.0M8E+00 57S7E-02  S5754E-02 2911E-05 3675605 CCS Pump B Fails te Run
E-PMP_FR-A 45 5.039E-04 1613602 3.287E+01 1.016E+00 G5757E02  5754E02 2911E-05 3675605 ECS PumpA Fails to Run
C-CKV-CC-B 26 1.000E-04 3202E-03 3.288E+01 1.003E+00 S57S7TE-02  S57S8E-02 S776E-06 1.421E-05 CCS Train B Discharge Check Valve Fails to Open
E-CKV-CC-A 26 1.000E-04 3202603 3.288E+01 1.003E+00 5757E-02  5758E-02 5776E-06 1.421E-05 ECS Train A Discharge Check Valve Fails to Open
LOSP 218 2300E+00 1.000E+. 4348601 1.500E+38 7.840E-04  _1.020E-03 1.805E-03 4.457E-03 Loss of Offste Power
C-PMP-FS-A, 55 1.200E-03 S8008E-07 1.001E+00  1.000E+00 1.339E-06  1.337E-06 1607E-08 3.967E-09 CCS PumpA Fails to Start
E-PMP-FS-B 55 1.200E-03 BS08E-07 1.001E+00  1.000E+00 1.3389E-06  1.337E-06 1607E-09 3.957E-09 ECS Pump B Fails to Start
C-MOV-CC-A 55 1.000E-03 7423607 1.001E+00 1.000E+00 1.339E-06  1.338E-08 1.339E-09 3.308E-09 CCS Train A Discharge MOV Fails to Open
E-MOVLCC-B 55 1.000E-03 7423607 1.001E+00  1.000E+00 1330E-06  1.338E-06 1.339E-00 3.306E-08 ECS Train B Discharge MOV Fails to Open
C-PMP-FR-A 43 5.039E-04 3736607 1.001E+00  1.000E+00 1.33BE-06  1.337E-06 6739610 B539E-10 CCS PumpA Fails to Run
E-PMP-FR-B 43 5.039E-04 3736E-07 1.001E+00  1.000E+00 1.338E-06  1.337E-08 B.739E-10 8.538E-10  ECS Pump B Fails to Run
C-CKV.CC-A 24 1.000E-04 7373608 1.001E+00 1.000E+00 1.330E-06  1.330E-08 1.330E-10 3.283E-10  CCS Train A Discharge Check Valve Fails to Open
E-CK\_CC-B 24 1.000E-04 7.373E-08 1.001E+00  1.000E+00 1.330E-06  1.330E-06 1.330E-10 3.283E-10  ECS Train B Discharge Check Valve Fails to Open
| check Al | [uncheck il | ruish | [ X ciose |

Figure 36. LOSP Sequence 3 Birnbaum importance measure sorted by Birnbaum (cut set truncation of 1E-13).
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3. Perform the importance analysis for both LOSP sequences combined by highlighting both sequences, right mouse click, and select View
Importance Measures.
Compare your combined LOSP sequences importance measure results to;
Figure 37 for the Fussell-Vesely (FV) ratio importance measures,
Figure 38 for the Risk Increase Ratio (RIR) importance measures,
Figure 39 for the uncertainty importance measures, and
Figure 40 for the Birnbaum importance measures.

4. Looking at the importance analysis results for Sequence 2, Sequence 3, and Sequences 2 & 3 combined consider the following questions:

What is the quantified value saying for a particular component, such as E-PMP-FS-B or S-DGN-FS-B, with respect to each report?
What is the quantified value saying for a particular component, such as E-PMP-FS-B or S-DGN-FS-B, comparing across the reports?
What happens if the quantification method is changed (i.e., Min Cut versus Rare Event versus Min/Max)?

What happens if the truncation is increased (i.e., 1E-6, 1E-5, or 1E-3)?

What happens if truncation is lowered (i.e., 1E-15, 1E-20, or no truncation)?

How would you determine appropriate quantification method?

How would you determine appropriate truncation level?
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t Importance Measures - LOSP (ET) EI@
PointEst |Fv |RR |RRR |BB |RN | RRI | unc(std. Dev)
[Data | Pot Report
Mame Count Prob. Fv ‘ RIR RRR Birnbaum RIl RRI Uncertainty Description
LOSP 238 2300E+.. 1.000E+00  4.348E-01  1.000E+33 2602E-02 -3.382E-02 G5084E-02 1477E-01 Loss of Offsite Power
S DGN-FR-A 3 2113E-02 S347E-01  3.844F+01 SO17E+00 2290F+ 2240E+00 4973E-02 3667E-02 Diesel Generator A Fails to Run
S DGN-FS-A 3 4000E-03 1581E-01  3.344E+01  1.183E+00 2.249E+. 2240E+00 9250E-03 6.746E-03 Diesel Generator A Fails to Start
S-DGN-FR-B 7 2113E-02 2285E-02  2.026E+00  1.023E+00 6.270E-02 6.137E-02 1.333E-03 1.004E-03 Diesel Generator B Fails to Run
E-MOV-CC-1 20 2.000E-04 7.882E-03  3.844E+01  1.008E+00 2.241E+.. 2240E+00 4595E-04 1.106E-03 ECS Suction Isolation Valve Fails to Open
S-DGN-FS-B 7 4000E-03 4.326E-03  2043E+00  1.004E+00 6.267E-02 6.2426-02 2522604 1.880E-04 Diesel Generator B Fails to Start
E-PMP-FS-A 61 1.200E-03 1.280E-03  2.030E+00  1.001E+00 6.224E-02 6.216E-02 7.510E-05 1.844E-04 ECS PumpA Fails to Start
C-PMP-FS-B 57 1.200E-03 1.159E-03  1.937E+00  1.001E+00 G5612E-02 GS60SE-02 67S7E-05 1.662E04 CCS Pump B Fais to Start
E-MOV-CC-A 61 1.000E-03 1.074E-03  2.030E+00  1.001E+00 6.223E-02 6217E-02 6250E-05 1.536E-04 ECS Train ADischarge MOV Fails to Open
C-MOV-CC-B 57 1.000E-03 9.651E-04  1937E+00 1.001E+00 5612E-02 5B0SE-02 5631E-05 1.385E-04 CCS Train B Discharge MOV Fails to Open
E-PMP-FR-A 45 5.039E-04 S5411E-04  2.040E+00 1.001E+00 6.223E-02 B220E-02 3.154E-05 3.973E-05 ECS PumpA Fails to Run
C-PMP-FR-B 45 5.039E-04 4.858E-04  1.937E+00  1.000E+00 S5612E-02 S609E-02 2837E-05 3.582E-05 CCS Pump B Fails to Run
C-MOV-CC-1 19 2.000E-04 1.948E-04  1.945E+00  1.000E+00 S657E-02 5656E-02 1.135E-05 2793E-05 CCS Suction Isolation Valve Fails to Open
E-PMP-FS-B 59 1.200E-03 1.294E-04  1.105E+00  1.000E+00 6.277E-03 6.269E-03 7.539E-06 1.859E-05 ECS Pump B Fails to Start
E-MOV-CC-B 59 1.000E-03 1.078E-04  1.105E+00  1.000E+00 6.277E-03 6.270E-03 6282E-06 1.550E-05 ECS Train B Discharge MOV Fails to Open
E-CKV-CC-A 30 1.000E-04 1.074E-04  2.040E+00  1.000E+00 6.223E-02 6.223E-02 6250E-06 1536E-05 ECS Train ADischarge Check Valve Fails to Open
C-CKV-CC-B 26 1.000E-04 O.BB1E-05  1938F+00  1.000E+00 S612E-02 S61ME-02 S630E-08 1385605 CCS Train B Discharge Check Valve Fails to Open
S TNK-FC-T1 1 2400E-06 O225E-05  3.844F+01  1.000E+00 2240F+ . 2240E+00 5376E-06 1.327E-05 RWST Supply Fails
E-PMP-FR-B 47 5.039E-04 5431E-05  1.105E+00  1.000E+00 6.277E-03 6.273E-03 3.166E-06 4.007E-06 ECS Pump B Fails to Run
E-CKV-CC-B 28 1.000E-04 1.078E-05  1.105E+00  1.000E+00 6.277E-03 6.276E-03 6282E-07 1.549E-06 ECS Train B Discharge Check Valve Fails to Open
C-PMP-FS-A 55 1.200E-03 2687E-08  1.000E+00  1.000E+00 1.305E-06 1.304E-06 1566E-09 3.867E-08 CCS PumpA Fails to Start
C-MOV-CC-A 55 1.000E-03 2.240E-08  1.000E+00  1.000E+00 1.305E-06 1.304E-06 1.305E-09 3222608 CCS TrainADischarge MOV Fails to Open
C-PMP-FR-A 43 5.039E-04 1.127E-08  1.000E+00  1.000E+00 1.304E-06 1.303E-06 6569E-10 8.323E-10 CCS Pump A Fails to Run
C-CKV-CC-A 24 1.000E-04 2.225E-09  1.000E+00  1.000E+00 1.296E-06 1.296E-06 1206E-10 3.201E-10 CCS Train ADischarge Check Valve Fails to Open
| checkail | |uncheck Al | pubisn || 3 close |

Figure 37. LOSP Sequences 2 and 3 Fussell-Vesely ratio importance measure results sorted by Fussell-Vesely (cut set truncation of 1E-13).
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t Importance Measures - LOSP (ET)

==(Fen

PointEst |Fv |RR |RRR |BB |RN | RRI | unc(std. Dev)
[Data | Pot Report
Mame Count Prob. v RIR ’ RRR Birnbaum Rl RRI Uncertainty Description it
S DGN-FR-A 2 2 1M3E-02 B.34TE-M 3.844E+01 EO1TE+D0  2200E+00 2.240E+00 4973E-02 3667E-02 Diesel Generator A Fails to Run
S-DGN-F5-A a 4 000E-03  1.531E-01 3.844F+01 1.183E+00 2 249E+00 2 240E+00 9250E-03 6.746E-03 Diesel Generator A Fails to Start
E-MONW-CC-1 20 2.000E-04 7.882E-03 3.844E+01 1.008E+00 2241E+00 2.240E+00 4.5595E-04 1.108E-03 ECS Suction lzolation Valve Failz to Open
S-TNE-FC-T1 1 Z2.400E-08 9Z25E-05  3.844E+DM 1.000E+00  2240E+00 2240E+00 5.376E-06 1.327E-05 RWST Supply Fais
S-DGN-FS-B T 4 000E-03 4.326E-03 2.043E+00 1.004E+00  6.25TE-02 6.242E-02 2.522E-04 1.830E-04 Diesel Generator B Fails to Start
E-PMP-FR-A 45 5.03%E-04 5411E-04  2.040E+00 1.001E+00 §.223E-02 6.220E-02 3.154E-05 3.573E-05 ECS Pump A Fails to Run
E-CEMV-CC-A 30 1.000E-04  1.074E-04  2.040E+00 1.000E+00  6.223E-02 6.223E-02 6.259E-06 1.535E-05 ECS Train A Discharge Check Valve Fails to Open
E-PMP-F5-A &1 1.200E-03  1.288E-03  2.03%E+00 1.001E+00 6.224E-02 6.218E-02 T7.510E-05 1.8344E-04 ECS Pump A Fails to Start
E-MOV_CC-A 51 1.000E-03 1.074E-03  2.03%E+00 1.001E+00 6223E-02 6.217E-02 6.259E-05 1.538E-04 ECS Train A Dizcharge MOV Fails to Open
S-DGNH-FR-B Fi 2 1M3E-02 2.285E-02  2.026E+00 1.023E+00 S§270E-02 6.137E-02 1.333E-03 1.004E-03 Diesel Generator B Fails to Run
C-MOV-CC-1 19 2.000E-04  1.943E-04  1.945E+00 1.000E+00  5857E-02  5.658E-02 1.135E-05 2793E-05 CCS Suction lzolation Valve Failz to Open =
C-CENV-CC-B 26 1.000E-04 9851E-05  1.938E+00 1.000E+00 5.612E-02 561E-02  5830E-06 1.385E-05 CCS Train B Discharge Check Valve Fails to Open
C-PMP-F5-B =T 1.200E-03  1.158E-03  1.937E+00 1.001E+00 5.612E-02 5.805E-02 G6.7S5TE-05 1.862E-04 CCS Pump B Fails to Start
C-MOV-CC-B LT 1.000E-03 9.651E-04  1.937E+00 1.001E+00 5.612E-02 5.5068E-02 5831E-05 1.385E-04 CCS Train B Discharge MOV Fails to Open
C-PMP-FR-B 45 5.03%E-04 4.858E-04 1.93TE+00 1.000E+00 5.612E-02 5.609E-02 283TE-05 3.582E-05 CCS Pump B Fails to Run
E-PMP-F=-B ] 1.200E-03  1.204E-04  1.105E+00 1.000E+00 627FE-03 6.269E-03 7.539E-06 1.850E-05 ECS Pump B Fails to Start
E-MOV-CC-B c9 1.000E-03 1.078E-04 1.105E+00 1.000E+00 627FE-03 6270E-03 6282E-06 1550E-05 ECS Train B Dizcharge MOV Fails to Open
E-PMP-FR-B 47 5.035E-04 S543ME-05  1.105E+00 1.000E+00 S277E-03 6.273E-03 3.186E-06 4.007YE-05 ECS Pump B Fails to Run
E-CEN-CC-B 28 1.000E-04 1.078E-05  1.105E+00 1.000E+00 62FFE-03 6278E-03 6.282E-07 1.5459E-06 ECS Train B Discharge Check Valve Fails to Open
C-PMP-F5-A 55 1.200E-03 2687E-08  1.000E+00 1.000E+00 1.305E-06 1.304E-06  1.566E-09 3.867E-09 CCS Pump A Fails to Start
C-MOV-CC-A 55 1.000E-03 2.240E-08  1.000E+00 1.000E+00 1.305E-06 1.304E-08  1.305E-09 3.222E-09 CCS Train A Discharge MOV Fails to Open
C-PMP-FR-A 43 5.03%E-04 1127E-02  1.000E+00 1.000E+00 1.304E-06 1.303E-06 6.56%E-10 8.323E-10 CCS Pump A Fails to Run b
C-CKWV-CC-A 24 1.000E-04 2.225E-09  1.000E+00 1.000E+00 1. 206E-06 1.206E-06  1.2806E-10 3.201E-10 CCS Train A Discharge Check Valve Fails to Open -
1 | 11 |

’CheckAll] [UnCheckAll]

Publish ]

Fr

Figure 38. LOSP Sequences 2 and 3 Risk Increase Ratio importance measure results sorted by RIR (cut set truncation of 1E-13).
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i

t Importance Measures - LOSP (ET) EI@
PointEst |Fv |RR |RRR |BB |RN | RRI | unc(std. Dev)
[Data | Pot Report
Mame Count Prob. v RIR RRR Birnbaum Rl RRI Unce}t... Description it
LOSP 233 2300E+.. 1.000E:00 4348E-01  1.000E+33 2602602 -3.332E-02 5.984E02 1.477E-01 Loss of Offsite Power
S DGN-FR-A 3 2113E-02 B8.347E-01  3.844F+01 SO17E+00 2.200E+00 2240E+00 497302 3667E-02  Diesel Generator A Fails to Run
S DGN-FS-A 3 4000E-03  1.581E-01  3.8344E+01  1.183E+00 2.249E+00 2240E+00 9.250E-03 6.746E-03  Diesel Generator AFails to Start
E-MOV-CC-1 20 2000E-04 7.882E-03  3.844E+01  1.008E+00 2.241E+00 2.240E-00 4.5956-04 1.106E-03  ECS Suction Isolation Valve Fails to Open
S-DGN-FR-B 7 2113E-02  2.285E-02  2.026E+00  1.023E+00 6.270E-02 6.137E-02 1.3336-03 1.004E-03  Diesel Generator B Fails to Run
S-DGN-FS-B 7 4000E-03 4.326E-03 2043E+00  1.004E+00 6.267E-02 6.2426-02 2.5226-04 1.880E-04 Diesel Generator B Fails to Start
E-PMP-FS-A 61 1.200E-03 1.289E-03  2.039E+00  1.001E+00 6.224E-02 6.216E-02 7.510E-05 1.844E-04 ECS Pump A Fails to Start
C-PMP-FS-B 57 1.200E-03 1.159E-03  1.937E+00  1.001E+00 5.612E-02 5605602 6.757E-05 1.662E-04 CCS Pump B Fails to Start
E-MOV-CC-A 61 1.000E-03 1.074E-03  2.030E+00  1.001E+00 6.223E-02 6.217E-02 6.250E-05 153BE-04  ECS Train A Discharge MOV Fails to Open
C-MOV-CC-B 57 1.000E-03 9.661E-04  1937E+00 1.001E+00 5612E-02 5606E-02 5631E-05 1.385E-04  CCS Train B Discharge MOV Fails to Open
E-PMP-FR-A 45 S.039E-04 S5411E-D4  2.040E+00 1.001E+00 6.223E-02 6.220E-02 3.154E-05 3.973E-05 ECS Pump A Fails to Run 3
C-PMP-FR-B 45 5.039E-04 4.868E-04  1.937E+00  1.000E+00 5.612E-02 S5609E-02 2.837E-05 3.582E-05 CCS Pump B Fails to Run
C-MOV-CC-1 19 2.000E-04 1943604 1.945E+00  1.000E+00 SESTE-02 5.656E-02 1.135E-05 2793E-05 CCS Suction Isolation Valve Fails to Open
E-PMP-FS-B 59 1.200E-03 1.294E-04  1.105E+00  1.000E+00 6.277E-03 6.269E-03 7.539E-06 1.859E-05 ECS Pump B Fails to Start
E-MOV-CC-B 59 1.000E-03 1.078E-04  1.105E+00  1.000E+00 6.277E-03 6.270E-03 6.282E-06 15S0E-05  ECS Train B Discharge MOV Fails to Open
E-CKV-CC-A 30 1.000E-04 1.074E-D4  2.040E+D0  1.000E+00 6.223E-02 6.223E-02 6.259E-06 1.536E-05 ECS Train ADischarge Check Valve Fails to Open
C-CKV-CC-B 26 1.000E-04 9BB1E-D5  1938F+00 1.000E+00 5E12E-02 5611E-02 S630E-06 1.385E-05  CCS Train B Discharge Check Valve Fails to Open
S TNK-FC-T1 1 2A00E-06 0275605  3.844F+01  1000E+00 2240E+00 2240E+00 G5.376E-06 1327E-05  RWST Supply Fails
E-PMP-FR-B 47 5.039E-04 S5431E-05  1.105E+00  1.000E+00 6.277E-03 6.273E-03 3.166E-06 4.007E-06 ECS Pump B Fails to Run
E-CKV-CC-B 28 1.000E-04 1.078E-05  1.105E+00  1.000E+00 6.277E-03 6.276E-03 6.282E-07 1.545E-06 ECS Train B Discharge Check Valve Fails to Open
C-PMP-FS-A 55 1.200E-03 2687E-08  1.000E+00  1.000E+00 1.305E-06 1.304E-06 1.566E-09 3.867E-09 CCS PumpA Fails to Start
C-MOV-CC-A 55 1.000E-03 2.240E-08  1.000E+D0  1.000E+00 1.305E-06  1.304E-06 1.305E-09 3.222E-09  CCS Train A Discharge MOV Fails to Open i
C-PMP-FR-A 43 5.039E-04 1.127E-08  1.000E+00  1.000E+00 1.304E-06 1.303E-06 6.569E-10 8.323E-10  CCS Pump A Fails to Run e
1 | 11 | 3
| checkail | |uncheck Al Pubish | | 3 close |

Figure 39. LOSP Sequences 2 and 3 uncertainty importance measure results sorted by Uncertainty (cut set truncation of 1E-13).
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i

t Importance Measures - LOSP (ET) EI@
PointEst |Fv |RR |RRR |BB |RN | RRI | unc(std. Dev)
[Data | Pot Report
Mame Count Prob. v RIR RRR Birn I:faum Rl RRI Uncertainty Description it
S DGN-FR-A 3 2113E-02 B8.347E-01  3.844E+01 S.O17E+00 2.290E+00 2240E+00 4.973E-02 3.667E-02 Diesel Generator A Fails to Run
S DGN-FS-A 3 4000E-03 1.581E-01  3.844F+01  1.183E+00 2249E+00 2240E+00 9.250F-03 6746E-03 Diesel Generator A Fails to Start
E-MOVLCC-1 20 2.000E-04 7.882E-03  3.844E+01  1.008E+00 2241E-00 2.240E+00 4.595E-04 1.106E-03 ECS Suction Isolation Valve Fails to Open
S-TNK-FC-T1 1 2400E-06 9.225E-05 3.844FE+01  1.000E+00 2240F+00 2240E+00 S.376E-06 1.327E-05 RWST Supply Fails
S-DGN-FR-B 7 2113E-02  2.285E-02  2.026E+00  1.023E+00 6.270E-02  6.137E-02 1.333E-03 1.004E-03  Diesel Generator B Fails to Run
S-DGN-FS-B 7 4000E-03 4.326E-03 2043E+00  1.004E+00 6.267E-02  6.242E-02 2522E-04 1.880E-04 Diesel Generator B Fails to Start
E-PMP-FS-A 61 1.200E-03 1.289E-03  2.0309E+00  1.001E+00 6.224E-02  6.216E-02 7.510E-05 1.844E-04 ECS Pump A Fails to Start
E-MOV-CC-A 61 1.000E-03 1.074E-03  2.039E+00  1.001E+00 6.223E-02 B6.217E-02 6.250E-05 1.536E-04 ECS Train A Discharge MOV Fails to Open
E-PMP-FR-A 49 5.030E-04 GS411E-D4  2.040E+00  1.001E+00 6.223E-02  6.220E-02 3.154E-05 3.973E-05 ECS Pump A Fails to Run
E-CKV-CC-A 30 1.000E-04 1.0T4E-D4  2.040E+00  1.000E+00 6.223E-02 6223602 6.259E-06 1.536E-05 ECS Train A Discharge Check Valve Fails to Open
C-MOV-CC-1 19 2.000E-04 1943E-04  18945E+00 1.000E+00 S657E-02  5656E-02 1.135E-05 2793E-05 CCS Suction Isolation Valve Fails to Open 3
C-PMP-F5-B 57 1.200E-03  1.159E-03  1.937E+00  1.001E+00 5612E-02  560SE-02 6.757E-05 1.662E-04 CCS Pump B Fails to Start
C-MOV-CC-B 57 1.000E-03 9.661E-04  1.937E+00  1.001E+00 5612E-02  5608E-02 5631E-05 1.3856-04 CCS Train B Discharge MOV Fails to Open
C-PMP-FR-B 45 5.039E-04 4.868E-04 1.937E+00  1.000E+00 5612E-02  5609E-02 2837E-05 3.582E-05 CCS Pump B Fails to Run
C-CKV-CC-B 26 1.000E-04 9661E-05  1.938E+00  1.000E+00 5612E-02  S6ME-02 5630E-06 1.3856-05 CCS Train B Discharge Check Valve Fails to Open
LOSP 238 2300E+.. 1.000E:00 4348E-01  1.000E+33 2602E-02 -3382E-02 G5O84E-02 1.477E-01 Loss of Offsite Power
E-PMP-FS-B 59 1.200E-03 1294E-D4  1105E+00 1.000E+00 6.277E-03  6.260E-03 7.530F-06 1.859E-05 ECS Pump B Fails to Start
E-MOV-CC-B 59 1.000E-03 1.0T8E-D4  1.105E+00  1.000E+00 B.277E-03  B.270E-03 6.282E-06 1.550E-05 ECS Train B Discharge MOV Fails to Open
E-PMP-FR-B 47 5.039E-04 S5431E-05  1.105E+00  1.000E+00 6.277E-03  6.273E-03 3.168E-06 4.007E-06 ECS Pump B Fails to Run
E-CKV-CC-B 28 1.000E-04 1.078E-05  1.105E+00  1.000E+00 6.277E-03  6.276E-03 6.282E-07 1.549E-06 ECS Train B Discharge Check Valve Fails to Open
C-PMP-FS-A 55 1.200E-03 2687E-08  1.000E+00  1.000E+00 1.305E-06  1.304E-06 1566E-09 3.867E-08 CCS Pump A Fails to Start
C-MOV-CC-A 55 1.000E-03 2.240E-08  1.000E+D0  1.000E+00 1.305E-06  1.304E-06 1.30SE-09 3222608 CCS Train A Discharge MOV Fails to Open i
C-PMP-FR-A 43 5.030E-04 1.127E-08  1.000E+00  1.000E+00 1.304E-06  1.303E-06 6.569E-10 8.323E-10 CCS Pump A Fails to Run 8
1 | 1 | 3
| checkail | |uncheck Al | pubisn || 3 close |

Figure 40. LOSP Sequences 2 and 3 Birnbaum importance measure sorted by Birnbaum (cut set truncation of 1E-13).
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| 13 | Viewing Cut Sets

Workshop Objectives

The Viewing Cut Sets workshop accompanies Section 15 in the SAPHIRE Basics training manual. The workshop objective is to perform cut set
viewing by using the “slice” option

Workshop Instructions

We will use the DEMO project to view sequence cut sets for the LOSP event tree. We will use the slice feature to view only those cut sets that
contain the event E-CKV-CC-A.

1. Solve for sequence cut sets (just LOSP, sequence 3). Solve the sequence cut sets with no truncation.

2. Click the Cut Sets button on the results screen and there should be a total of 314 cut sets with a total frequency (via the minimal cut set
upper-bound) of 1.805E-03.
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3.

4.

5.

Now, “slice” the cut sets by clicking the “Slice” button and then the Events radio button.

In the list of “Cut Set Events,” check the E-CKV-CC-A checkbox.

Click the OK button. The cut sets shown should be displayed on screen:

8 Cut Sets for LOSP-3 (ET Cut Sets) | =
Projecr: T DEMO-MDL=BASICS - Mew DEMO model for instructional use [(SAPHIRE Basics) Current Case -
Project Folder: CA\Saphire 8-PRE\DEMO PROJECTS\demo-model\
Model Type:  RANDOM.
[ Show MT ][ Show Phase ]
Event Slice
i Cazes Prob/Freq | Total X Cut Sets
5 T80E-6 100 Displaying 70 Cut Sets. (314 Original} -
+ 1 C 4 861E-6  84.09 LOSP.E-CKV-CC-A,5-DGN-FR-B
e 2 C 9.200E-7 1592 LOSP.E-CKV-CC-A,5-DGN-FS-B
3 C 5820E-1 =001 LOSP.C-MOV-CC-1,E-CKV-CC-A E-PMP-FS-B =
+- 4 C 4600E-11 <001 LOSP.C-MOV-CC-1,E-CKV-CC-A E-MOV-CC-B
+ & C 2318E-1 =001 LOSP.C-MOV-CC-1 E-CKV-CC-A E-PMP-FR-B
+- B C 4 600E-12 =001 LOSP.C-MOV-CC-1 E-CKV-CC-A E-CKV-CC-B
EI C 3974E13 =001 LOSP.C-PMP-F5-A C-PMP-F5-B E-CKV-CC-A E-PMP-FS-B
+- 8 C 3IMZE13 =00 LOSP.C-PMP-FS-A C-PMP-F5-B E-CKV-CC-A E-MOV-CC-B
+- 9 C 3IMZ2E13 =00 LOSP.C-MOV-CC-A C-PMP-F5-B E-CKV-CC-A E-PMP-F5-B
+ 10 C 3IMZ2E13 =00 LOSP.C-MOV-CC-B, C-PMP-F5-A_ E-CKV-CC-A E-PMP-F5-B
+ 11 C 2760E13 =001 LOSP.C-MOV-CC-A C-PMP-F5-B E-CKV-CC-A E-MOV-CC-B
+ 12 C 2760E13 =001 LOSP.C-MOV-CC-A C-MOV-CC-B E-CKV-CC-A E-PMP-F5-B
+ 13 C 2760E13 =001 LOSP.C-MOV-CC-B,C-PMP-F5-A E-CKV-CC-A E-MOV-CC-B
+ 14 C 2300E13 =001 LOSP.C-MOV-CC-A, C-MOV-CC-B E-CKV-CC-A E-MOV-CC-B
+ 15 C 1.669E-13 < 0.01 LOSP.C-PMP-FR-A.C-PMP-FS-B.E-CKV-CC-A E-PMP-FS-B
+ 16 C 1.669E-13 < 0.01 LOSP.C-PMP-FS-A.C-PMP-FS-B.E-CKV-CC-A E-PMP-FR-B
+ 17 C 1.669E-13 < 0.01 LOSP.C-PMP-FR-B.C-PMP-FS-A E-CKV-CC-A E-PMP-FS-B
+# 18 C 1.391E13 <001 LOSP.C-PMP-FR-A.C-PMP-FS-B.E-CKV-CC-A E-MOV-CC-B
+ 13 C 1.391E13 <001 LOSP.C-MOV-CC-A, C-PMP-F5-B . E-CKV-CC-A E-PMP-FR-B
+ 20 C 1.39M1E13 <001 LOSP.C-MOV-CC-B,C-PMP-FR-A_E-CKV-CC-A E-PMP-F5-B -
Show End States : @) No (") Partition defined () Sequence
[ Publish ] [Save to End State ] [ X Close ]
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6. Click the Invert button (to list the cut sets that did not meet the search criteria). The cut sets shown here should be displayed on screen:

DEMD—MDLABASTCS- Mew DEMO model forinstructional use (SAPHIRE Basics)
FProject Folder: CiSaphire 3-PREIDEMO FROJECTS\demo-modelt

===

Current Case -

[ Show MT ][ Show Phase ]

Total %
100
5710
10.81
10.81
3.24
3.24
2.70
2.70
2.05
1.36
1.36
0.61
0.61
0.54
0.54
0.51
0.51
0.31
0.27
0.26
0.26

Cut Sets

Displaying 244 Cut Sets. (314 Original) -
LOSP, S-DGN-FR-A,S-DGN-FR-B
LOSP.S-DGN-FR-B,5-DGM-FS-A
LOSP.S-DGN-FR-A,S-DGN-FS-B
LOSE.C-PMP-F5-B.5-DGN-FR-A
LOSFE.E-PMP-F5-A.S-DGN-FR-B
LOSP.C-MOV-CC-B,5-DGN-FR-A
LOSP.E-MOV-CC-A,5-DGN-FR-B
LOSP S-DGN-F5-A,S-DGN-FS-B
LOSF C-PMP-FR-B,5-DGN-FR-A
LOSF E-PMP-FR-A,S-DGN-FR-B
LOSF C-PMP-FS-B,S-DGN-FS-A
LOSF E-PMP-FS-A,S-DGN-FS-B
LOSPE, C-MOV-CC-1,5-DGN-FR-A
LOSF E-MOV-CC-1,5-DGN-FR-B
LOSPF,C-MOV-CC-B,5-DGN-FS-A
LOSP E-MOV-CC-A,S-DGN-FS-B
LOSP, S-TNK-FC-T1
LOSPE.C-CKV-CC-B,5-DGMN-FR-A
LOSP.C-PMP-FR-B.S-DGN-FS-A
LOSP.E-PMP-FR-A.S-DGN-FS-B -

m

Q Cut Sets for LOSP-3 (ET Cut Sets)
Project: T
Mode.l'fype:f RANDOM
Inverted
i Caszes Prob/Freq
1.799E-3
E | C 1.027E-3
+ 2 C 1.944E4
+ 3 C 1.944E4
+- 4 C 5 833E-5
+- 5 C 5 833E-5
+ B C 4 861E-5
T C 4 861E-5
+ 8 C 3.6B0E-5
+ 9 C 2 449E-5
+ 10 C 2 449E-5
1 C 1.104E-5
+ 12 C 1.104E-5
+ 13 C 9 T721E-6
+ 14 C 9 T721E-6
+# 16 C 9 200E-6
+# 16 C 9 200E-6
+ 17 C 5620E-6
+ 18 C 4 861E-6
= 19 C 4 B36E-6
+ 20 C 4 B36E-6
Show End States : @) No

() Partition defined

Explare Qrigin

() Sequence

’ Publish ][SavetoEndSEtel [ X Close ]
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| 14 | Updates and Viewing the Nominal Case and Current Case

Workshop Objectives

The nominal case and current case workshop accompanies Sections 8 and 12 in the Basics training
manual. The workshop objectives are to perform a hominal case update on fault tree results and
event tree accident sequence results.

Workshop Instructions

We will move a copy of the current case results (for fault trees, event trees, and project uncertainty)
into the nominal case. Prior to performing a nominal case update, make sure the basic events, fault
trees and event tree contain the original workshop settings. These results will be considered our
“Nominal case” or “Baseline” results which we want to retain as a permanent record for this project.

1. Inthe WKSP-1 project, highlight the CCS and ECS Fault Trees in the Fault Tree List Panel.

2. Right click on the highlighted fault trees and select Solve.

3. On the Solve Cut Sets for Group (FT) form, ensure that there are checks in the checkboxes
Solve for Cut Sets, Update / Quantify Cut Sets, and Copy Cut Sets to Nominal Case. The

first two are typically checked as a default. The Copy Cut Sets to Nominal Case defaults to its
last solved state. Make sure that Clear Current Case is NOT checked.

4. Click L= | and the nominal case is updated to the “permanent” values.
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%% Solve Cut Sets for Group (FT)

Seftings | Results
Cut Set Truncation Options

By Probability | Global - | 1.000E-13
By Size None -

Solve using Flag Set

Threads to use on sohe 1

-

Quantification Method

* Min Cut Upper Bound -

Solution Steps
V| Solve for Cut Sets

Apply Post-processing Rules

| Update / Quantify Cut Sets

| Quantify Cut Sets
Copy Cut Sets to Mominal Case
Clear Current Case
Clear Current Caze (All Models )

Copy Cut Sets to Nominal Case (All Models)



SAPHIRE 8 Basics Workbook

5. Repeat Steps 1 through 4 for the Event Tree LOSP in the Event Tree List Panel with Solve

for Cut Sets, Apply Post-processing Rules, Update / Quantify Cut Sets, and Copy Cut
Sets to Nominal Case checked.

6. View the current and nominal cut sets for LOSP by right clicking on LOSP in the Event Tree
List Panel and selecting View Cut Sets. The view is toggled by using the pull-down menu in
the upper right corner of the cut set view form

%P Cut Sets for LOSP (ET Cut Sets)

Project: 5 E}EMD.-MEH_-EASI{.‘ES—'NEW DEMC model for instructional use (SAPHIRE Basics)

Idaho National Laboratory

%§? Solve Cut Sets for LOSP (ET)

Setlings | Results

Cut Set Truncation Options
By Probability 1.000E-13

[[] Solve using Flag Set

Threads to use on solve 1

Quantification Method

* Min Cut Upper Bound -

Solution Steps
Solve for Cut Sets

Apply Post-processing Rules
Update / Quantify Cut Sets
Quantify Cut Sets
[ Clear Cut Set Partitions

Apphy Partition Rules
Copy Cut Sets to Nominal Case
[ Clear Current Case

= B e [

Current Case] -

Project Folder: C\Saphire 8\demo-model\ Current Case

R Mominal Case
Model Type: RAMDOM

o - |

[ Show MT ][ Show Phase ]
Original |

i Caszes Prob/Freq | Total X% Cut Sets

5.988E-2 100
4. 861E-2 81.17
9.200E-3 15.36
1.027E-3 1.72
4 600E4 077
1.944E4 0.32

Displaying 238 Cut Sets. (238 Onginal)
LOSP.S-DGM-FR-A
LOSP.S-DGM-F5-A

LOSP, 3-DGM-FR-A,5-DGM-FR-B
LOSP E-MONV-CC-1

LOSP. 5-DGM-FR-B.5-DGM-F5-A

F [
[ o T N P T (N Y
OO0 nn

74




SAPHIRE 8 Basics Workbook Idaho National Laboratory

The purpose of the Clear Current Case checkbox is to completely eliminate cut sets and zero all data in the current case. This is a good way of
“wiping the slate clean” before performing a new current case. When both Clear Current Case and Copy Cut Sets to Nominal Case are checked,
the nominal case is wiped clean.

1. Solve LOSP with the Clear Current Case checked and Copy Cut Sets to Nominal Case NOT checked (the analyst can uncheck the Solve
option, since no new cut sets are needed when clearing out the current and nominal case).

2. Investigate what happens to the cut sets with these solve options by viewing the current and nominal cut sets for LOSP by right clicking on
LOSP in the Event Tree List Panel and selecting View Cut Sets.

3. Solve CCS with both Clear Current Case and Copy Cut Sets to Nominal Case checked

4. Investigate the effects of this set of solve options on the current and nominal cut sets for CCS by right clicking on CCS in the Fault Tree List
Panel and selecting View Cut Sets.

Update the nominal case of the Fault Trees and Event Trees without the Clear Current Case selected (as per the first Section 16 workshop
instructions) before proceeding to the next workshop section.
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| 1 5 | Fault Tree and Event Tree Sensitivity Analysis

Workshop Objectives

The Fault Tree and Event Tree Sensitivity Analysis workshop accompanies Section 17 in the Basics training manual. The workshop objectives are
to perform fault tree and event tree sensitivity analyses involving basic event data changes made by creating Change Sets.

Workshop Instructions

First, we will create two Change Sets to increase the ECS and CCS pumps basic event failure probabilities. Then, we will utilize these change sets
in order to modify current case data. Subsequent cut set solving will use this data and will be reflected in the results.

1. If the Change Sets List Panel is not visible in the left hand side Lists Panel window, open it by clicking on the Main Menu View = Change
Sets.

2. To create a Change Set, double-click on New change set... to open the Change Set Editor.
3. You will make two Change Sets, one using only Singles changes and one using a mix of Singles and Class changes:

CCS-PMP-INCREASE CCS pumps FS and FR factor 10 increase - Single
ECS-PMP-DECREASE ECS pumps FS and FR factor 10 decrease - Mix
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4. Name the first change set as above CCS-PMP-INCREASE and describe it. Then, click and drag Basic Event C-PMP-FR-A to the Singles
window on the Change Set Editor and drop it there. Do the same for C-PMP-FR-B, C-PMP-FS-A, and C-PMP-FS-B. The Change Set

Editor should now look as below:

-

Name:  CCS-PMP_INCREASE Special Type: [Defaurt -
- » >

uesmpﬁ;.n; CCS pumps FS and FR factor 10 increase - Single

& Change Set Editor EI@

singles | Class | Motes
Singles Values to be Applied

Event Property Event Property Mew Value

Remove Selected Auto Adjust Nodes Find Event

Save As Ne [ o OK l l X cancel ]

Hint: all of the basic events can be highlighted and then dragged and dropped into the Singles form together.
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5. Click on the event C-PMP-FR-A to expand its details and then on the Failure Model. The C-PMP-FR-A event will open in the Values to be
Applied window for editing. Change the failure rate Lambda to 2.100E-04.

* Change 5et Editer
- -

Singles | Clags |Nut&5'.

Name; CCS-PMP-INCREASE
F

=

Special Type: [Defaurt
~

)

Dﬁwﬁ;n: CCS pumps FS and FR factor 10 increase - Single

S F=8 R = e )

Values to be Applied

Singles
Event Property Value Event Property
=} C-PMP-FR-A
= Model Type
=}~ Phase

Uses Template
Description
Calculated Probability
SUCCess=... [] Process Flag
= Failure Model
= Lambda

= Miszion Time

®
3

B[

Find Event

MNew Value

s
=

1=}
w o
m

C ATTE N9

RIS

Failure== System Logic | Success=» De...

Fails to operate (without repair) (3}

=] Uncertaint...
95% E...

Uncertaint...
Correlation Cla...

2.100E-04
Log Mormal
5.000E+00
2 400E+01
Point Walue
PMP-T2

[ " OK H xCancell

6. Repeat this process to change the following Basic Event Data:

a. C-PMP-FR-B failure rate Lambda to 2.100E-04
b. C-PMP-FS-A and C-PMP-FS-B Probability to 1.200E-02

[Hint: multiple basic events can be highlighted and changed to the same values together (i.e., highlight both C-PMP-FS and change their

probabilities.]
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7. Click to save the CCS-PMP-INCREASE change set.

8. Start a New change set... as in Step 2 and name it:

ECS-PMP-DECREASE

ECS pumps FS and FR factor 10 decrease — Mix

Idaho National Laboratory

9. In the Singles window, repeat Steps 4-5 to add the Basic Events E-PMP-FR-A and E-PMP-FR-B and change their Lambda values to

2.100E-6

* Change 5et Editor

-

Mame: ECS-PMP-DECREASE

Special Type: | Default
>

ﬁesg;mﬁ‘m; ECS pumps FS and FR factor 10 decrease - Mix

Singles | Class |Nmes

===

Singles
Event Property Value
B} E-PMP-FR-A [ECS Pump A Fails to Run]
B+ Model Type RAND
=}~ Phase PHASE_1

=} Failure Model
[=}- Lambda
=+ Uncertainty ...
95% Error...
= Mission Time
Uncertainty ...
Correlation Class

1P [ECS Pump B Fails to Ru

_PMP-FR-

m

Values to be Applied

Event Property
= E-PMP-FR-&
=+ Model Type
=} Phase

=)

Find Event

Uses Template
Description
Calculated Probability
[[] Process Flag
Failure Model

= Lambda

=] Uncertaint...
959 E...

El Miszion Time

Uncertaint...
Correlation Cla...

New Value

1em Logic SUCCESE== LE...

Fails to operate (without repair) (3}

2.100E-08

Log Normal
5.000E+00
2. 400E+01

Point Value
PMP-T2

[ ' OK ”xl':.ancell
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10. Click on the Class tab at the top left of the Change Set Editor worksheet. From this screen you can select events to modify using mask
criteria. For the ECS-PMP-DECREASE change set select Use Class Change Set, then Name Mask.

a. The Mask Combination should read Or
b. Enter E-PMP-FS* in the Match Value column next to the Name Mask
i. The asterisk is used as a wildcard symbol and will choose all Basic Events that start with E-PMP-FS

11. In the right-hand window, Click on Failure Model then change the Probability to 1.200E-04
* Change Set Editor 7 =] @lﬂ“ﬁl

-

Mame: ECS-PMPDECREASE  Special Type: [Default v]
-~

Degcﬁm-',nn; ECS pumps FS and FR factor 10 decrease - Mix

| Singles | Class | Notes |

Available Masks Match Value Item
= Use Class Change Set =}~ New Value Options
Mask Combination Or Uszes Template

Value

Mot Assigned

Name Mask E-PMP-F5* |:| Process Flag Not Azsigned

[ 1= a Template = Failure Model Failure Probability (1)
[] Event Type = Probability 1.2E-4

Developed Event Uncertainty Distrib...  Point Value

Phases Correlation Class
Model Types

Template Mask
Process Flags
Correlation Class
Categories

5 e o

Failure Model

=]

Save As Ne [ W OK ][ x Cancel]
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12. For these Change Sets to become active (affecting the current case values for the respective events), the desired change sets need to be
“Marked.” Marking or Unmarking the change sets is accomplished by clicking on the checkbox next to the desired change set. A “Marked”
change set will display a number next to the checkbox. Mark the CCS-PMP-INCREASE and ECS-PMP-DECREASE change sets (order

does not matter as there is no overlap between the two).

te

Note on how the order of change sets work: Change sets will be applied according

to their ordered marking (lower number change sets applied first) and subsequent MNew change set .
change sets can overwrite a previous change (i.e., a basic event that is in two 1 CCS-PMP-INCREASE  CCSpurmps FS .
change sets will have the first change applied but then will be overwritten by the 7 ECS-PMP-DECREASE  ECS pumps FS .
second change). Also, a change set can include both Class and Single Changes

with the Class change being applied first and then individual changes applied

second with an individual change overwriting if there is overlap from the class

change.

13. Now use the change sets on the CCS and ECS fault trees by highlighting both fault trees in the Fault Tree List Panel, right click and select
Solve. Use a truncation of 1.000E-08 and be sure that Copy Cut Sets to Nominal Case is NOT checked. (Close the solve option, by

selecting Close.

14. With both fault trees highlighted, right click and select “View Summary Results.” The option will allow the analyst to view the current case
results, nominal case results and the difference. The figure below shows the difference between the current case and nominal case results.
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0 model for instructional use (SAPHIRE Basu:s}
Easu:s mmunumm"" -

== — - -
KodeliTypes Default Columns - - Data Source
[® RANDOM
General - Current Case
[¥] Description [¥]# of Cut Sets Hominal Ca.se
Point Estimate Mean
Flag Set !
Median
Phase PHASE_1 End Phase Default Flag Set 0
Quant. Method Solve Method Seed #Samples ] Kurtosis
Name | Description | Point Estimate | Cut Set Count | Prob. Trunc.. |
- CCS Containment Cooling System 5.900E-04 o -9.990E-11
Emergency Cooling System -4.000E-05 o -9.950E-11

15. To view the cut sets for CCS fault tree, highlight the CCS fault tree, right click and select View Cut Sets.

Ea!ilm
Default Columns - -

Phase PHASE_1

Data Source [De.l.a(C—N:l v]
General .
[#] Description [#] # of Cut Sets LTz
Point Estimate Truncation Level Mean Sth Std. Dev.
FEDEES Median a5th Skewness
End Phase Default Flag Set 0 0 0
Quant. Method Solve Method Seed # Samples Kurtosis

Emergency Cooling System

-4 000E-05

X
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16. The Current Case cut sets will display for the CCS fault tree. To compare the current case with the nominal case, use the pull-down menu at
the top right of the cut sets view. The CCS Current and Nominal Cases are shown below.

488 Cut Sets for CCS (FT Cut Sets) [ [ ) 8% Cut Sets for CC5 (FT Cut Sets) ===
P:roject:’ - D;EMO-‘MDL'—EI\ASiCS—New DEMO model for instructional use (SAF'HIR v ijecr:; - EﬁEM(HJIDL’—BASiCS—New DEMO maodel for instructional use (SAF'HIRM A
Project Folder: - C:\Saphire 8\demo-model\ Project Folder: - C\3aphire 8\demo-model\

Model'Typg: ~ RANDOM : Modef]’ypf: ~ RANDON
[ showmT |[ Show Phase | [Expand all | [ showMT || Show Phase |
Original Original

# ProbsFreq | Total ¥ Cut Sets i Prob/Freq | Total % Cut Sets
2601E-2 100 Displaying 28 Cut Sets. (28 Original) 25832E-2 100 Displaying 28 Cut Sets. (28 Original)

+ 1 2M3E-2 8125 S5-DGN-FR-B 3 1 213E2 8346 S-DGN-FR-B

+ 2 4.000E-3 1538 S-DGN-FS-B 4 2 4 000E-3  15.80 5-DGN-FS-B

+ 3 2536E4 098 C-PMP-F5-B,5-DGN-FR-A 4 3 2.000E4 079 C-MOV-CC-1

+- 4 2.000E4 097 C-MOV-CC-1 4 4 2536E-5 010 C-PMP-FS-B,5-DGN-FR-A

+ 5 1440E4  0.55 C-PMP-F5-A C-PMP-FS-B + 5 213E5  0.08 C-MOV-CC-B,S-DGN-FR-A

+ 6 1062E4 0.4 C-PMP-FR-B,5-DGN-FR-A #- b 1.065E-5 004 C-PMP-FR-B,S-DGN-FR-A

EIS 6.033E-5 023 C-PMP-FR-B,C-PMP-FS-A #- T 4 800E-6  0.02 C-PMP-FS-B,5-DGN-FS-A

+- 8 6.033E-5 023 C-PMP-FR-A,C-PMP-FS-B 4 8 4 000E-6 0.02 C-MOV-CC-B,S-DGN-F5-A

+ 9 4 BOOE-5 018 C-PMP-F5-B,5-DGMN-F5-A 4 9 2400E-6 <001 S-TNK-FC-T1

+ 10 2527E-5 010 C-PMP-FR-A C-PMP-FR-B # 10 2M3E6 <0 C-CKV-CC-B.S-DGN-FR-A

# 11 2135 008 C-MOV-CC-B,S-DGN-FR-A # 1 2.016E6  <0.01 C-PMP-FR-B,S-DGN-FS-A

+ 12 20ME5 008 C-PMP-FR-B,5-DGN-FS-A # 12 1440E6 <01 C-PMP-FS-A,C-PMP-FS-B

+ 13 1.200E5 0.05 C-MOV-CC-B,C-PMP-FS-A + 13 1200E6 <01 C-MOV-CC-B,C-PMP-FS-A

+ 14 1200E-5 0.05 C-MOV-CC-A C-PMP-FS-B +# 14 1200E-6 =<0.01 C-MOV-CC-A,C-PMP-FS-B

+ 156  5027TE-6 0.02 C-MOV-CC-A C-PMP-FR-B +# 15  1.000E-6 =0.01 C-MOV-CC-A, C-MOV-CC-B

+ 16 5027E-6  0.02 C-MOV-CC-B,C-PMP-FR-A # 16 6.046E-7 <=0.01 C-PMP-FR-B,C-PMP-FS-A

+ 17 4.000E-6 002 C-MOV-CC-B,S-DGN-FS-A # 17 B6.046E-7  <0.01 C-PMP-FR-A,C-PMP-FS-B

+# 18  2400E6 <001 S-TNK-FC-T1 # 18 5039E7 <0 C-MOV-CC-A,C-PMP-FR-B

+# 19 2M3E6 <001 C-CKV-CC-B.S-DGN-FR-A + 19 5039E7 <0 C-MOV-CC-B,C-PMP-FR-A

+ 20 1200E-6 =001 C-CKV-CC-B,C-PMP-FS-A # 20 4.000E-7 <001 C-CKV-CC-B,5-DGN-FS-A

+ 21 1200E6 =001 C-CKV-CC-A,C-PMP-FS-B 21 2539E-7T <001 C-PMP-FR-A,C-PMP-FR-B

+ 22 1.000E6 <001 C-MOV-CC-A, C-MOV-CC-B # 22 1.200E-7  <=0.1 C-CKV-CC-B.C-PMP-FS-A

+# 23 5027E-7 <001 C-CKV-CC-A C-PMP-FR-B # 23 1.200E-7  <0.01 C-CKV-CC-A.C-PMP-FS-B

# 24 BO0ZVE-7T  «0.01 C-CKV-CC-B.C-PMP-FR-A + 24 1.000E-7 <0 C-CKV-CC-B.C-MOV-CC-A

# 26  4.000E-7 <001 C-CKV-CC-B.S-DGN-FS-A + 256 1.000BE-7 <01 C-CKV-CC-A C-MOV-CC-B

+ 26 1.000E-7 =001 C-CKV-CC-B,C-MOV-CC-A +# 26 B039E8  «0.01 C-CKV-CC-A.C-PMP-FR-B

+ 27 1.000E-7 <«0.01 C-CKV-CC-A, C-MOV-CC-B - 27 B039E8 <01 C-CKV-CC-B.C-PMP-FR-A

+# 28 1.000E-8 <001 C-CKV-CC-A C-CKV-CC-B + 28 1.000E-8 =<=0.1 C-CKV-CC-A C-CKV-CCB

Invert [ Publish l [SavetoEnd SEtel [ x Close ] [ Slice ] lInvert] [ Publish ] [SauetoEnd Smhe] [ x Close ]
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17. Repeat steps 14 and 15 for the ECS Fault Tree. Results are shown below.

%88 Cut Sets for ECS (FT Cut Sets) LF [T E-@ 4§ Cut Sets for ECS (FT Cut Sets) 7 E =l E-@
Project; - DEMO-MDL-BASICS - New DEMO mode! for instructional use (SAPHIR Current Case Project: - DEMO-MDL-BASICS - New DEMO model for instructional use (SAPHIR TIEIET
Project Folder: - C:WorkiNRC Training\SAPHIRE Basics Manual 2016\dema-model Project Folder: - C\3aphire 8\dema-model\
m:'er'rypg: RANDOM Mode! Type: / RANDOR :
[ showMT || Show Phase | [ showMT [ Show Phase |
m‘ Original |
# | Cases  Prob/Freq | TotalZ | Cut Sets # | Prob/Freq | Total X | Cut Sets -
2 EIRE-2 100 DISplEylﬂg 23 Cut Sets. (23 Ol'lglﬂal} 2.532E-2 100 DISp|EyII"Ig 28 Cut Sets. (28 OI'IQII"IE“
41 C  2MIE2 8360  SDGNFRA 31 2132 8346 SDGNFRA
5 2 € 4000E3 1582  SDGNFSA 2 i ;‘gggg [1]5:;20 ga‘;‘:‘fzi‘?
: : ) MOV-CC-
3 € 200054 D E-MOVCC ¥ 4 253E6 010 E-PMP-FS-A S-DGN-FR-B
+- 4 C 213E5 0.08 E-MOV-CC-A,S-DGN-FR-B .5 9 1IES  0.08 EMOV-CCA S.DGNFRE
+ 5 C 4 000E-6 002 E-MOV-CC-A 5-DGN-FS-B 6 1-065E-5 0'04 E-F'MF'-FR-A‘S-DGN-FR-B
- 6 € 25%E6 00 EPMP-FSASDGNFRE 5 7 4800E6 002 E-PMP-FS-A S-DGN-FS-B
& 7 C 240886 <001 STNK-FC-TH © 8 4000E6 002 E-MOV-CC-A,SDGN-FS-B
4 8 C 2M3E6 <001 E-CKV-CC-A,S-DGN-FR-B e g 2400E6 <001 STNK-FC-TH
+ 9 C 1.065E-6 <0.01 E-PMP-FR-A,S-DGN-FR-B o 10 21IEE <001 E-CKV-CC-A S-DGN-FR-B
+ 10 C 1000E-6 <001 E-MOV-CC-A E-MOV-CC-B 4 11 2015E-6  <0.01 E-PMP-FR-A.S-DGN-FS-B
+ 1 C 4800E-7  <0.01 E-PMP-FS-A.S5-DGN-FS-B 5 12 1440E6 <001 E-PMP-FS-A E-PMP-FS-B
+ 12 C 4000E-7  =0.01 E-CKV-CC-A,S-DGN-FS-B 2 13 1200E6 <001 E—MOV—CC—B:E-F’MF’-FS—A
+ 13 C 2016E-T < 0.01 E-PMP-FR-A,.S-DGN-FS-B v 14 1700E€ <001 E-MOV-CC-A E-PMP-FS-B
+ 14 C 1.200E-7  <0.01 E-MOV-CC-B.E-PMP-FS-A w16  1.000E-6 <001 E-MOV-CC-A E-MOV-CC-B
+ 15 C 1.200E-7 < 0.01 E-MOV-CC-A E-PMP-FS-B W 16 B.046ET  <0.01 E-PMP-FR-B.E-PMP-FS-A
v 16 C 1000E7 <001  E-CKVCC-B.EMOVCCA + 17 GO046E7 <001  E-PMP-FR-AEPMPFSB
w17 C 1000E7 <001  E-CKV-CC-AE-MOV-CCB o 18 50I9E7 <001  E-MOV-CCB.E-PMP-FRA
+ 18 C HO040E8  <0.0M E-MOV-CC-B.E-PMP-FR-A + 19 5.039E7 =001 E-MOV-CC-A E-PMP-FR-B
+ 19 C EO40E-8  <0.01 E-MOV-CC-A E-PMP-FR-B + 20 4.000E-7T =001 E-CKV-CC-A,S-DGN-FS-B
+ 20 C 1440E-8 <« 0.01 E-PMP-FS-A E-PMP-FS-B + 21 2539E7T <001 E-PMP-FR-A E-PMP-FR-B
+ 21 C 1200E-8 < 0.01 E-CKV-CC-B.E-PMP-F5-A - 22 1200E-T =0 E-CKV-CC-B E-PMP-FS-A
@ 22 C 1.200E-8 <001 E-CKV-CC-A E-PMP-FS-B + 23 1200E-T  <0.01 E-CKV-CC-AE-PMP-FS-B
+ 23 C 1.000E-8 <001 E-CKV-CC-A E-CKV-CC-B # 24 1.000E7  <0.01 E-CKV-CC-B E-MOV-CC-A
- 25 1000E-T <001 E-CKV-CC-A E-MOV-CC-B
+ 26 6H039E8 <001 E-CKV-CC-B E-PMP-FR-A
+# 27 6039E8 <001 E-CKV-CC-A E-PMP-FR-B
+# 28 1000E8 <001 E-CKV-CC-A E-CKV-CC-B
Invert l Publish ] [SavetoEnd Siatel l x Close l Invert [ Publish ] lSavetoEnd Smte] [ x Close l
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18. The same basic steps are used to apply and compare the change sets to nominal for Event Tree sequence cut sets:

a. Mark the change sets

b. Highlight the LOSP Event Tree in the Event Tree List Panel, right click and select Solve. Use a truncation of 1.000E-13 and be sure

that Copy Cut Sets to Nominal Case is NOT checked.

c. Right click on LOSP in the summary results (or if that is closed, on LOSP in the Event Tree List Panel) and select View Cut Sets.

19. The LOSP Sequence Cut Sets for the Current and Nominal Cases are presented below.

&g Cut Setsfor LOSP (ET Cut Sets)

ijecr:' . DEMO-MDL-BASICS - New DEMO madel for instructional uze (SAPHIF Current Case
Project Folder: - C:WorkiINRC Training\SAPHIRE Basics Manual 2016\demao-modell
Model Type:  RANDOM

=)

-

0 Cut Sets for LOSP (ET Cut Sets) = o
Project: _ DEMO-MDL-BASICS - Mew DEMO model for instructional use (SAPHIF IELIEeErS v
Project Folder: - C:\Saphire 8\dema-model\

Model Type:  RANDOM

[ showMT || Show Phase | [ Expand Al | [ ShowMT || Show Phase |
Original Qriginal
i Cases Prob/Freq | Total % Cut Sets # Prob/Freq | Total % Cut Sets
6.067TE-2 100 Displaying 226 Cut Sets. (226 Original) - 5.988E-2 100 Displaying 238 Cut Sets. (238 Original) -
+ 1 C 4.861E-2  80.12 LOSP,S-DGN-FR-A L + 1 4861E-2 8117 LOSP.S-DGN-FR-A =
4 2 C 9.200E-3 15.16 LOSP,S-DGN-FS-A L + 2 9200E-3 1536 LOSP.S-DGN-FS-A
# 3 C 1.027E-3 1.69 LOSP S-DGN-FR-A,S-DGN-FR-B + 3 1.027E-3 172 LOSP,S-DGN-FR-A,S-DGN-FR-B
4 4 C 5.833E4 0.96 LOSP.C-PMP-FS-B,5-DGN-FR-A + 4 4 600E4 077 LOSP E-MOV-CC-1

4 5 C 4.600E4 0.76 LOSPE-MOV-CC-1 + B 1944E4 032 LOSP.S-DGN-FR-B,S-DGN-FS-A
4 B C 2444E4 040 LOSP.C-PMP-FR-B,5-DGN-FR-A + B 1944E4 032 LOSP.S-DGN-FR-A,S-DGN-FS-B
# 7 C 1.944E4 032 LOSP S-DGN-FR-B,5-DGN-FS-A - 7 RE33E5 010 LOSP.C-PMP-FS-B,S-DGN-FR-A
+ B C 1.944E4 032 LOSP S-DGN-FR-A,S-DGN-FS-B - B 5.833E5 010 LOSP.E-PMP-FS-A,S-DGN-FR-B
+ 9 C 1.104E4  0.18 LOSP.C-PMP-FS-B,5-DGN-FS-A +- 9 4861E5  0.08 LOSP,C-MOV-CC-B,5-DGN-FR-A
10 C 4.861E-5  0.08 LOSP,.C-MOV-CC-B,5-DGN-FR-A + 10 4861E-5 0.08 LOSPE-MOV-CC-A S-DGN-FR-B
+ 11 C 4.861E-5  0.08 LOSPE-MOV-CC-A S-DGN-FR-B +# 11 3680E-5 0.06 LOSP.S-DGN-FS-A,S-DGN-FS-B
12 C 4.625E-5  0.08 LOSP.C-PMP-FR-B,5-DGN-FS-A + 12 2449E-5  0.04 LOSP.C-PMP-FR-B,S-DGN-FR-A
13 C 3.6B0E-5  0.06 LOSP S-DGN-FS-A,S-DGN-FS-B +# 13 2449E-5  0.04 LOSP.E-PMP-FR-A,S-DGN-FR-B
+ 14 C 9721E-6  0.02 LOSPF,C-MOV-CC-1,5-DGN-FR-A + 14 1104E-5  0.02 LOSP,C-PMP-FS-B,S-DGN-FS-A
# 16 C 9721E-6 002 LOSFE-MOV-CC-1,S-DGN-FR-B + 165 1104E-5 0.02 LOSPE-PMP-FS-A S-DGN-FS-B
# 16 C 9200E-6 0.02 LOSPF,C-MOV-CC-B,5-DGM-FS-A +# 16  9721E6 0.02 LOSP,C-MOV-CC-1,5-DGN-FR-A
# 17 C 9200E-6 0.02 LOSFE-MOV-CC-A,S-DGN-FS-B + 17 9721E6  0.02 LOSP.E-MOV-CC-1,S-DGN-FR-B
# 18 C 5833E6 =001 LOSF E-PMP-F5-A 5-DGN-FR-B +# 18 9200E6 0.02 LOSP,C-MOV-CC-B,S-DGN-FS-A
# 19  C 5520E6 =001 LOSP,S-TNK-FC-T1 + 19 9200E-6 0.02 LOSP E-MOV-CC-A,S-DGN-FS-B

# 20 C 4 861E-6 <001 LOSP,C-CKV-CC-B,S-DGN-FR-A i + 20 5520E-6 <001 LOSP,S-THK-FC-T1 N

Show End States @ @) Mo ~) Partition defined ~ Sequence Show End States : @) No ) Partition defined ") Sequence
Invert Explore Origin‘ [ Publish l [Save to End State ‘ l x Close ‘ Invert Explare Origin‘ l Publish ‘ lSaveto End Smte‘ [ x Close l
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20. You can experiment with additional Change Sets if you wish. However, clear the current case as discussed in before beginning the next
workshop session, you should return the data to the NOMINAL CASE state by unmarking the change sets.

21. You can experiment with additional Change Sets if you wish. If for some reason the Nominal Case was accidentally updated, be sure to
unmark the change sets, solve and save to the nominal case as in Workshop section 16.
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| 16 | Using Database Files

Workshop Objectives

The Using Database Files workshop accompanies Section 18 in the training manual. The workshop objectives are to copy fault tree, event tree,
and basic event files from one project to a second project.

Workshop Instructions
Archiving a project:

When a project is archived, the complete project as it is currently is stored as a .zip file in a location of the user’s choosing. This .zip file will open as
a duplicate project in SAPHIRE just as a .sra file does.

rt Archive as
Archive your current WKSP-1 project:
1. Close any open windows within the project Graenize = Newfolder )
& Downloads (2 Name Date modified Type Size
. . . . . 1] Recent Places )
2. Open main menu File = Archive Project->Full with Docs and b INs e
. . I J Mard 1/15/20154:05PM  File folder
choose a file name, location. “"jL'E””es . | publish YZI/2015TA5AM  File folder !
= ocuments . § . le folder
] |y | Shared 1_-’15_-'2015 f.om?m File fold .
3. Then click Save. o | Temp 1/28/20157:09 AM  File folder
| § Vf;tures | Workspaces 1/15/2015 405 PM  File folder [
I 1M Computer
| e ospisk(c) [ < i v
File name: -
Save as fype: [SAPHIREzipfiIes (*.zip;™.exe) VI |
L Hide Folders [ Save ] [ Cancel l
—————— E
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MAR-D files:
Using the WKSP-1 project, a new fault tree is created from existing textual logic by extracting the ECS fault tree using MAR-D, editing the fault tree
text, and then reloading the tree via MAR-D. ) !
%% Load/Extract E'@
1. In the Fault Trees list panel, highlight the ECS fault tree. Extract
ASaphire 8Wdemo-modehdardECS MARD Save As..
2. Use the WKSP-1 project. Go to File - Load/Extract and select the Extract Add to existing export group
tab. @ Selected Lizt tems (From main window lists)
(71 All Project tems
[C] BasicEvents
3. In the Extract tab of the Load/Extract dialogue: = Fault Trees
o Choose the Selected List Items (From main window lists) radio [] Description
button in order to extract just the ECS fault tree logic file. [ Attributes
e Expand the Fault Trees menu and place a check in the Logic 1 Rules
checkbox. E};c
e Change the file in the Save As... textbox to end in ECS.MARD [ cutset
|:| Gates
|:| Event Trees
4. Once the file is output, use Windows Explorer to go into the WKSP-1 MAR-D
project folder. The fault tree exported will be in a sub-folder to the MAR-D
[] Project

name given when the file was extracted (e.g., C:\Saphire8\WKSP-
1\Mard\ECS_Subs).

5. To edit the ECS fault tree file, highlight the fault tree using Windows Explorer,
double click the fault tree ECS.FTL, and then select Notepad (or any other

Text editor). UnMark Errors Process ] ’ X Close ]
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The ECS logic should appear as:

WKSP-1, ECS =
SUP-DGN-B OR S-DGN-FR-B S-DGN-FS-B
SUP-DGN-A OR S-DGN-FR-A S-DGN-FS-A
ECS OR ECS-TRAINS ECS-SUPPLY
ECS-PUMP-B OR  E-PMP-FR-B E-PMP-FS-B
ECS-TRAIN-B OR SUP-DGN-B ECS-PUMP-B E-CKV-CC-B E-MOV-CC-B
ECS-PUMP-A OR E-PMP-FR-A E-PMP-FS-A
ECS-TRAIN-A OR  SUP-DGN-A ECS-PUMP-A E-CKV-CC-A E-MOV-CC-A
ECS-TRAINS AND ECS-TRAIN-B ECS-TRAIN-A
ECS-MOV-1 OR SUP-DGN-A E-MOV-CC-1
ECS-SUPPLY OR  ECS-MOV-1 S-TNK-FC-T1
5. Modify the logic for the ECS-TRAINS gate by changing the gate type from AND to OR.
6. Now, we want to call the modified fault tree XYZ (instead of ECS). Thus, perform a “search-and-replace” to change all instances of ECS to

XYZ. If you are using Notepad, choose the menu option “Search” and then “Replace” (accessible by CTRL+H shortcut). Specify the “Find
what” input as ECS and “Replace with” as XYZ. Select the “Replace All” option.

7. Save the file as XYZ.FTL.
8. Exit the text editor and return to SAPHIRE. Go to the MAR-D load option by using File - Load/Extract and select the Load tab, click the
“Allow old formats” check box and then select the Open button and move to the subfolder containing the XYZ.FTL file and highlight this file

and select Open.

9. Highlight this file (XYZ.FLT) and select Open. SAPHIRE will automatically select the file type check boxes. Now click the Process button
and SAPHIRE will load in the new fault tree.

10. View the XYZ fault tree logic in the Fault Trees list panel and double clicking the XYZ fault tree or right click and selecting Edit Logic option.
The logic for the XYZ fault tree should be identical to that shown below.
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L
I
M Z-5UPPLY N Z-TRAINS
1 | 1
RWST Supply Fails
O Z-MOV-1 S-THK-FC-T1 |2 AN0E-06 MO E-TRAIN-A HYZ-TRAIN-B
| 1 ! | 1 I 1 1
Diesel Generator A Fails Diesel ECS Suction Isolation Valve Diesel Generator A Fails Diese| ECS Train A Discharge Check Diesel Generatar B Fails ECS Train B Discharge Check:
Generator A Fails Fails to Open Generator A Fails Valve Fails to Open Walve Fails to Open
SLP-DGN-A E-MOV-CC-1 |2 000E-04 SLIP-DGMN-A |\m R T-PUMP-A E-CKV-CC-A |1 O00E-04( |SUP-DGN-B HZ-PLIMP-B E-CKW-CC-B ‘1 000E-04
H H ECS Train A Discharge MOY H H ECS Train B Discharge MOY
| | Fails to Open | | Fails to Open
Diesel Generator A Fails to Run, E-MOV-CC-A |1 D00E-03] ["Diesel Generatar B Fails to Run E-MOV-CC-B M-UUUE'W

S-DGN-FR-A [2.113E-02

Diegel Generator A Fails to Start

S-DGN-FS-A [4.000E-03

ECE Purnp A Fails to Run

E-FMP-FR-A [5.039E-04

ECE Pump A Fails to Start

E-PMP-F5-A [1.200E-03
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ECS Pump B Fails to Run

S-DGMN-FR-B Jz.113E02

E-FMP-FR-B [5.039E 04

Diegel Generator B Fails to Start

ECS Pump B Fails to Start

5-DGMN-F5-B [4.000E-03

E-PMP-F5-B8 [1.200E-03
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